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ABSTRACT 
There has been a good effort made in Abu Dhabi for the last couple of years between 
government stakeholders to develop a road safety strategy, define rules and 
responsibilities, and gain a fully coordinated and integrated framework to deal with 
road safety. According to my point of view, the challenges that might be seen as a 
problem for the future development of Abu Dhabi can be the management and the 
usage of traffic safety technologies to reduce serious road traffic accidents. This 
study focused on the relationship between the use of traffic safety technologies and 
serious road traffic accidents on Abu Dhabi Highways. The motivation for this 
research is to implement correctly the traffic safety technologies in Abu Dhabi 
highways as a part of the need to adopt plans, programmes, and preventive measures 
to reduce or prevent the occurrence of traffic accidents in order to ensure the safety 
of individuals and property, in addition to preserving the security of the state and its 
human and economic components.  
The overall approach to this study is a mixed methodology, which combines 
quantitative and qualitative methods. A questionnaire is one method used in this 
regard, and is designed to be quantitative. In the quantitative method, comparing 
statistics of fatalities and injuries before and after installation of the speed cameras is 
used. As a result of this study and by making the connectivity between reviewing the 
results and findings of the literature review, identifying the questionnaire results, and 
exploring the before and after statistics led to findings which were used to develop a 
decision support framework that can be used to advise the regional safety strategy to 
be sustainable. The design framework was also validated through Abu Dhabi 
highways by a panel of experts, which was carried out using the focus group method, 
which was qualitative in nature.  
It is recommended from this research to invest much in traffic safety technologies, 
focus more on driver support systems and rapid response systems, improve driver 
behaviour as a priority in Abu Dhabi highways using traffic safety technologies, and 
integrate the compatibility of all of the above through an integrated system and 
specific performance indicators that are measured and followed up on an ongoing 
basis, and supported by geographic information systems (GIS). 
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CHAPTER ONE: 
Background 
1. Serious road traffic accidents worldwide and in Abu Dhabi 
1. 1  Introduction 
Road traffic accidents are one of the most common causes of death worldwide.  
These road traffic accidents are often preventable accidents, with the proper 
implementation of traffic regulations and motor vehicle safety capable of preventing 
these accidents.  These road accidents have also been known to cause major losses, 
mostly in terms of property and human lives.  The statistics relating to human losses 
caused by road traffic accidents represent a staggering number.  Moreover, injuries 
caused by these accidents are also significant, ranging from no injury or minor 
injuries to major incapacitation.  The impact of these injuries on those who suffer 
from major incapacitation represents significant disability, which may cause them to 
quit their work and to rely on full-time assistance to carry out their daily activities.  
For the breadwinners in the family, it represents a loss of income and reliance on 
additional healthcare services, which implies even more financial burdens on the 
family.  These issues only represent a small aspect of the bigger problem of road 
traffic accidents.  The following discussions shall cover in detail the global statistics, 
the serious road traffic accidents performance in Abu Dhabi, Abu Dhabi strategic 
targets and forecasting, the serious traffic accidents in light of the vision of Capital 
2030 for Abu Dhabi, and the aim of the research work. 
1. 2  Current state and general statistics  
About 1.24 million have been estimated to perish from road accidents worldwide 
yearly, with 20 to 50 million suffering from nonfatal injuries due to these road  
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accidents (WHO, 2013).  Such fatalities and injuries have been known to impact 
significantly on families, who often suffer major life-altering changes because of 
these injuries or fatalities.  The WHO (2013) also reports that road injuries have been 
counted as the eighth leading cause of death worldwide; these estimates are similar to 
death rates caused by communicable diseases (WHO, 2009).  Such road accidents are 
also considered the primary cause of death for teens and young adults aged 15 to 29 
years.  Injuries incurred at a very young age have a major impact on these 
individuals, being at or entering the most productive period of their life (WHO, 
2009).  
 
Figure 1.1: Estimated increase in road traffic accidents deaths (WHO, 2013) 
 
Families who are already financially challenged are often the families affected the 
most due to the medical costs and the lost wages resulting from the injuries.  Road 
traffic injuries also represent significant financial costs to developing countries with 
injuries costing about 1-2% of the gross national product (WHO, 2013).  Even with 
the significant impact seen from road traffic accidents, the general health agendas for 
concerned countries have not considered road traffic safety a priority 
(Puvanachandra et al., 2012).  As a result, funding relating to any necessary 
interventions has not sufficiently matched the demands of the issue.  This is even 
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more unfortunate in the face of the fact that road accidents are very preventable and 
evidence indicating the efficacy of preventive measures has been extensive (Kurppa, 
2012).  Road traffic injuries are even increasing, especially for the low-income 
nations where their figures are about double the rates for developed countries (WHO, 
2013).  This can be credited to the fast pace of motorization in developing countries, 
without the commensurate adjustments and changes in road safety measures, 
(Kurppa, 2012).  Although road traffic incidents have been decreasing in developed 
states, the high rates of road traffic crashes in developing states have still pushed the 
global rates of road traffic accidents higher.  In fact, the current trends in road traffic 
injuries indicate that where no safety measures would be implemented, by 2030, road 
traffic injuries would be the fifth leading cause of death in both developed and 
developing countries (WHO, 2013).  Nonetheless, reports from various countries 
indicate success stories in the prevention of road accidents, mostly assisted by 
coordinated national efforts.  Various countries like Australia, Canada, France, 
Sweden, and the United Kingdom have been able to secure reduced rates in traffic 
accidents where they implemented coordinated responses (Basnet et al., 2013).  
These responses include the deployment of various effective interventions which 
have been able to manage the safety of road users, as well as improve vehicle safety 
and effective post-accident care (Basnet et al., 2013).   
Even as the goal of decreasing the overall yearly impact of road traffic deaths has not 
been realized as yet, the lack of increase indicates that measures seeking to improve 
worldwide road safety would likely have decreased deaths from road accidents 
(WHO, 2009).  From 2007 to 2010, road traffic deaths were reduced in 88 nations, 
indicating that progress can be ensured through a strong national commitment.  From 
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these 88 states, 42 belong to the high-income states, 41 are in the middle-income 
categories, and only five are in the low-income group.  Nevertheless, there is still a 
significant concern for the 87 countries which manifested increases in road traffic 
incidents within the same years covered (WHO, 2013). 
 
Figure 1.2: Road traffic death rates per 100,000 population by country income status 
(WHO, 2013). 
 
 
Figure 1.3: Population, road traffic deaths, and registered motorized vehicles, by country 
income status (WHO, 2013). 
 
 
Figure 1.4: Road traffic deaths per 100,000 population, by WHO region (2013). 
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1. 3  Serious road traffic accidents performance in Abu Dhabi 
The study by Bener and Crundall (2005) was able to indicate that road traffic 
accident is the second cause of deaths in the UAE, second to cardiovascular diseases.  
These results are consistent with previous studies in the UAE (Klenk and Kovacks, 
2003; Ansari et al., 2000).  Road traffic accidents as compared to other accidents are 
more likely to lead to serious trauma and this is seen in the significant number of 
deaths and serious injuries recorded in previous studies in the country (Bener et al., 
2003; Klenk and Kovacks, 2003; Ansari et al., 2000).   
The number of traffic accidents in Abu Dhabi dropped by 10% during 2012 
compared to 2011, which led to a decline in the number of fatalities by 19% and a 
decline in the fatalities of run-over accidents by 14%. This decline took place in spite 
of increasing the number of vehicles by 6% and licensed drivers by 8%.  Abu Dhabi 
Police recorded a slight rise in the number of fatalities among citizens with 82 
fatalities in 2012, while the Directorate recorded 79 fatalities in the year before that 
(Alittihad, 2013). A significant improvement has been reached in the indicators of 
traffic safety in the Emirate of Abu Dhabi.  It was confirmed during a press 
conference held on Tuesday, March 5, 2013 to announce the indicators of traffic 
safety in the Emirate of Abu Dhabi that what has been achieved regarding the 
improvement in the levels of traffic safety in the Emirate of Abu Dhabi, compared 
with global rates, is a major traffic achievement in the field of traffic safety at local 
and regional levels.  The total number of traffic accidents that resulted in injuries and 
fatalities in 2012 amounted to 3499 incidents, compared to 3871 in 2011; the number 
of fatalities reached 272, compared to 334 in 2011; the number of severe injuries 
amounted to 364 in 2012 compared to 390 severe injuries registered in 2011; the 
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number of pedestrian fatalities reached 70 in 2012, and in 2011 81 fatalities were 
recorded.  The number of licensed vehicles is 831,938, while the number of licensed 
drivers was 1,075,233 in 2012 (Alittihad, 2013).  The brigadier engineer Al-Harthi, 
Director of the Directorate of Traffic and Patrols at Abu Dhabi Police, during a press 
conference, said that the high rate of traffic accidents is a result of ignoring a red 
light by 22%, leaving no space by 11%, and fatalities among citizens by 4%.  The 
number of accident perpetrators who have driving experience between three and five 
years increased by 25% during 2012.  With regard to the positive phenomena, Al-
Harthi explained that the most positive phenomena were the reduction of traffic 
fatalities by 33% and the low rate of the severity of the accidents by 13%, in addition 
to the low rate of accidents as a result of speeding by 23%, due to negligence and 
lack of attention by 12% (Emirates 24/7, 2013).  Anyone can note an improvement in 
the level of traffic safety during the period of 2010-2012, including a reduction in the 
number of traffic accidents with injuries by 33%, fatalities by 34%, severe injuries by 
25% and traffic fatalities by 17%.  It was noted that the rate of fatalities per one 
hundred thousand inhabitants fell by 35%, the rate of fatalities per ten thousand 
vehicles registered in the Emirate of Abu Dhabi fell by 46% and the rate of deaths 
per ten thousand license holders fell by 50% (Alittihad, 2013).  
 
Figure 1.5: Fatalities per 100,000 of population, comparing Abu Dhabi performance with the 
international best practice (ADP & WHO, 2015). 
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As the chart indicates, there is a marked improvement in the level of traffic safety 
represented in the reduction in fatalities from 2008 to 2012.  Figure 1.5 shows also 
the number of road deaths per 100,000 population for the best performing countries 
in this field.  Abu Dhabi still has the highest road death rates per head of population 
in the world compared to the financial possibility (Emirate of Abu Dhabi, Traffic and 
Patrols Directorate, 2010). 
 
Figure 1.6: Fatalities per 10,000 vehicles (ADP, 2015). 
Also in this indicator there is a marked improvement in the level of traffic safety 
represented in reduction in fatalities per 10,000 vehicles from 7.2 in 2008 to 3.3 in 
2012.  
 
Figure 1.7: Pedestrian fatalities per 100,000 of population, comparing Abu Dhabi 
performance with the international best practice (ADP & WHO, 2015). 
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Despite the remarkable decline in mortality rate for pedestrian accidents, the results 
are still far from the international rates, 0.3-1.5%. 
Table 1.1: Some important road traffic accident statistics in Emirate of Abu Dhabi (ADP, 
2013). 
2012 2011 2010 2009 2008 2007 Year 
2055 2283 2538 3086 2954 2647 Total number of crashes 
with fatalities or injuries 
271 334 376 409 376 365 
Total number of fatalities 
364 390 400 483 441 599 Total number of serious 
injuries 
70 81 101 118 110 91 Total number of 
pedestrian fatalities 
65.7 73.1 82.7 100.6 106 226.5 Injury crashes per 100,000 
inhabitants 
20.3 23.2 25.3 29.1 29.3 46 Fatalities and serious 
injuries per 100,000 inhabitants 
181379 164662 121243 115296 124109 77759 Total number of minor 
accidents 
1034 1178 1310 1583 1436 1202 
The number of accidents 
due to lack of experience (1-5 
years) driving license 
64 77 78 77 63 62 
Number of accidents 
caused by driving under the 
influence of alcohol and drugs 
5483 3484 5612 6808 9934 8082 Number of jumping a red 
light violations   
53 74 65 76 81 72 The number of accidents 
due to tyre explosion 
 
 
 
Figure 1.8: Number of minor and major traffic violations (ADP, 2013). 
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1. 4  Abu Dhabi strategic targets and forecasting 
In order to achieve the aspirations of the government by the beginning of 2010, Abu 
Dhabi has started a strategic plan with phased goals to reach the vision of zero 
fatalities resulting from road accidents by 2030.  This plan is based on five main axes 
for the development of traffic safety known as (5Es) (Emirate of Abu Dhabi, Traffic 
and Patrols Directorate, 2010).  This plan includes enforcement, education and 
awareness, engineering improvements, emergency response, and evaluation.  Those 
axes shall be integrated and made compatible through an integrated system and 
specific performance indicators will be measured and followed up continuously, and 
supported by geographic information systems. Additionally there will be an ongoing 
review of the best global practices and to set programmes and systems of artificial 
intelligence to support decision-making and human resource development. One of 
the most important key steps adopted by the government to implement the plan is the 
accurate identification of duties, works and activities in various fields and their 
effectiveness, with the identification and allocation of responsibilities to the relevant 
authorities and key partners, as traffic safety is a common mission (Al Harthi, 2011). 
This plan shall be managed by an integrated and coordinated framework. The 
mission of this plan has been identified according to a careful analysis of data of 
accidents and traffic violations, which support the improvement of road users‘ 
behaviour in addition to applying laws and traffic safety standards, as well as 
increasing awareness and education concerning traffic in general. The Abu Dhabi 
government is working to update the strategic plan periodically, drawing on an 
analysis of the surrounding internal and external environment through access to the 
best international practices to achieve the strategic goals (Al Harthi, 2011). Brigadier 
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Hussein, Director of the Directorate of Traffic and Patrols, pointed out that the 
Traffic and Patrols Directorate in Abu Dhabi Police will implement a number of 
initiatives and activities to improve traffic safety in the current year, 2013, which will 
include, most importantly, the adaptation of awareness initiatives as a main supporter 
to achieve sustainable traffic safety through launching several social initiatives for 
traffic awareness, as well as boosting traffic control using on-duty police officers and 
completing the installation of automatic speed control devices (radars) and a system 
of red traffic lights. Additionally, it will constantly review and assess the speed limits 
of the radar devices and hold standard comparisons for major supporters to carry out 
its strategy to improve traffic safety. Moreover, it will run the smart traffic systems 
centre and its supporting systems, such as operating the traffic safety management 
system and the traffic detour management system and continue working with 
partners to achieve a traffic safety audit on all roads (Alittihad, 2013). The strategic 
aim for Abu Dhabi to improve road safety began with the reduction of traffic 
fatalities by 20% in five years, starting from the base year of 2010 and aiming to 
reach the Zero Vision by 2030. This has been achieved, since the number of traffic 
fatalities declined by 29% from 376 in 2010 to 267 in 2014 thanks to the introduction 
of plans and programmes, and continuing, dedicated effort (Zayton, 2011). 
Perhaps the last important participation refers to the global plan to improve traffic 
safety which was launched by the United Nations worldwide starting on May 11, 
2011 for a whole decade (2011-2020) in the frame of the UN efforts aiming to raise 
levels of traffic safety worldwide. Numerous countries will participate in this plan to 
give Abu Dhabi the chance to measure indicators of performance compared to its 
counterparts worldwide (Zayton, 2011). 
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Zayton (2011) adds also that in order to develop the necessary plans, programmes 
and manpower for supporting traffic safety, the government has initiated the 
establishment of several practices through standard comparisons with best global 
experiences and practices to reach its goal, ensure full coordination among all bodies 
concerned with traffic safety, come up with a clear vision for the long-term goals and 
determine the agenda of the general policy of traffic safety in Abu Dhabi. The 
government works on following a mechanism for the identification and selection of 
the best practices aiming to improve traffic safety by adopting the principle of the 
study conducted by the European Union to identify the best practices aiming to 
improve traffic safety levels in 2007 according to some criteria, which include, most 
importantly, the scientific and technical authorization of its impact on improving 
traffic safety, the highly sustainable economic feasibility which is accepted by the 
public and can be applied to other states (Emirate of Abu Dhabi, Traffic and Patrols 
Directorate, 2010). Therefore Abu Dhabi police adopted a research analytical 
approach based on the review of some international experiences and practices of 
leading countries in such fields (European Union, Japan, Singapore, Canada, 
Australia, New Zealand, United States) through a search on the internet, and then 
comparing such practices with the current situation in Abu Dhabi, aiming to reach 
best practices that can be applied in Abu Dhabi to improve traffic safety levels 
(Emirate of Abu Dhabi, Traffic and Patrols Directorate, 2010). 
Labbett et al. (2010) confirmed that "Abu Dhabi has a low crime rate and is a safe 
environment; escaping anti-social behaviour problems faced by many countries. 
With high levels of public safety, concern is naturally focused on personal safety 
issues for road transport." However, "Abu Dhabi has not yet established any formal 
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associations representing the victims of traffic collisions or groups whose specific 
goal is to lobby for road safety improvements." Despite the above opinion, there 
were some efforts in the field of formal associations representing road traffic 
accident victims, whereas in 2002 the Emirates Association for Traffic Safety was 
founded in Abu Dhabi and it works for the whole UAE, and the assembly is 
composed of volunteer members representing all segments and sectors of the 
community interested in traffic safety and having an independent legal personality 
(Emirates Association for Traffic Safety, 2002). Also in 2010, the Saaed Association 
for Prevention of Traffic Crashes was founded (Saaed Association for Prevention of 
Traffic Crashes, 2010), but still their role is not that clear. 
1. 5 Serious road traffic accidents in light of the vision of Capital 2030  
1 .5. 1 Privatization of minor road traffic accidents investigation 
In recent years, police departments have faced rapidly growing demands from all 
segments of society. Also a new management culture has begun to emerge which has 
caused police departments across the world to look at how they do their business and 
how they can become more efficient. In reality, many non-crime duties do not 
require police to accomplish them, but for a long time police departments have 
offered them to the community (Lyons, 2000). Now, for ease, the burden from the 
Directorate of Traffic and Patrols and the focus on serious accidents, the services of 
planning minor traffic accidents which are without injuries and fatalities are 
performed by a private security firm (Saaed Company) under contract with the Abu 
Dhabi government since 2008. Saaed Company performs its role in the management 
of planning minor accidents which depend on a modern private operations room, 
standby patrols to respond to the accident sites, issuing accident chart sheets and 
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determining the responsibility for causing the accident which is approved by all 
police stations and the Directorate of Traffic and Patrols (Saeed Company, 2013). 
 
 
Figure 1.9: Minor accidents assigned to Saeed Company. 
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Transport and Municipal Affairs) to develop an integrated strategy for speed 
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management in order to improve the traffic safety levels. The project includes study 
of the current specific speeds on the roads and determines whether they are 
consistent with the design delimiters used (Emirate of Abu Dhabi, Traffic and Patrols 
Directorate, 2010). 
 
1 .5. 3 Data gathering management 
In order to apply the methodology of knowledge management which defines the 
concepts, sources, and means of management, securing, classifying, measuring the 
effectiveness of information and knowledge as well as using them in decision-
making, Abu Dhabi Police implements strategies to provide data and information to 
officers and employees and give authority for those involved in the field of traffic 
safety through various means, like granting powers according to the work needs at 
the federal traffic system, which facilitates the exchange of information between 
departments and employees to enable them to carry out their tasks with high 
efficiency (Abu Dhabi Police, Knowledge Management Methodology, 2013). In 
order to affirm the principle of development continuity and modernization, ADP  has 
proceeded to use a traffic limitation programme in 2010, where processes of 
managing traffic accidents data have been conducted in a more dynamic way through 
this programme using software packages for managing data which are assembled, 
making it easy to query operations and extract data later, in ways that serve many 
purposes, such as research and development studies for traffic safety by Abu Dhabi 
Police (Abu Dhabi Award for Excellence Report, 2013). Also, the Studies Branch in 
cooperation with the branch of Statistics at the Directorate of Traffic and Patrols 
organize the process of data and statistics management in addition to preparing data 
supporting those in charge of studies of traffic and road safety, making it easier for 
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employees in different departments and branches to obtain the data and statistics they 
need, accurately and speedily (Kalifa, 2012), as well as providing information on 
traffic safety for officers and staff involved at the maximum speed through a system 
of SMS, as a quick and effective way to provide them with information relevant to 
achieve better communication, in addition to the support of the Directorate of Traffic 
by using new technologies in the development of services through the provision of 
skills and the technical capacity of the workers to understand and anticipate the 
impact of those techniques, then involve them in the development process through 
the application of process improvement methodologies, services design and technical 
resource management through the process of traffic accident planning using FX3-
Vista (Major Al Shahi, 2013). 
Abu Dhabi Police classified the important data related to traffic accidents into three 
classes (Abu Dhabi Police, TIMS, 2012):- 
1. Traffic data which can be collected in many ways, such as: 
 Reports of traffic patrols spread over the streets of the Emirate. 
 Reports of the public to the operating room (999). 
 Electronic monitoring devices such as monitoring cameras spread throughout the 
streets.  
These reports are received by operating rooms which then process them and pass 
them to the competent authorities to take suitable decisions to resolve them.  
2. Roads features data 
 The statistics and traffic studies branch in the Directorate of Traffic and Patrols 
prepares various traffic statistics for severe traffic accidents as well as analyzing 
the related data.  
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 Locating dangerous spots by various traffic studies to adopt suitable solutions, 
whether the solutions are related to traffic controlling devices, awareness or other 
engineering solutions.  
 Implementing solutions in collaboration with partners in the Emirate according to 
priorities.  
 Evaluation of all these steps during the monthly meetings between the Director of 
the Directorate and all the directors and chiefs of all organizational units in the 
Directorate of Traffic and Patrols.  
3.     Traffic accidents data 
 All the data related to traffic accidents shall be entered by branches of traffic 
investigation throughout the Emirate districts (capital, external areas, Al Ain and 
western region). 
 All the data shall be inputted into the Federal traffic program.   
 There are some check boxes to be entered to close the report page in the Federal 
traffic program, as well some data being downloaded directly by the program by 
entering the traffic code for the individuals and numbers of vehicles as an 
example, whereas the details of drivers and vehicles are already available in the 
program. 
1. 6 The aim of the research work 
1.6. 1 Research problems and/or hypotheses 
Up to the World Status Report (WHO, 2013) serious road traffic accidents are the 
eighth cause of death worldwide, and the leading cause of death for those aged 15-29 
years. The trends show that by 2030, road traffic deaths will have become the fifth 
cause of death around the world. This confirms the need to adopt all plans, 
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programmes, regulations and preventive measures to reduce or prevent the 
occurrence of traffic accidents in order to ensure the safety of individuals and 
property, in addition to preserving the security of the state, and its human and 
economic components. 
This research works from a known hypothesis that traffic safety technologies play an 
important role, and can even play a much greater role, in improving traffic safety by 
reducing serious road accidents on the highways in Abu Dhabi. Research findings 
have revealed that, in some cases, Intelligent Transport Systems do not strongly 
support road safety applications. This is because some of these systems have not yet 
been fully established and their implementation on traffic safety systems is very 
much limited. Moreover, the overall impact of these systems is uncertain because of 
the vague relations in human behaviour, including risk compensation, and issues in 
wide-scale implementation (Wegman and Goldenbeld, 2006). Another reason for the 
Intelligent Transport System not being significantly contributory to road safety is the 
fact that the initial application of the ITS has been based on improvements which can 
be made for traffic management and driving comfort. Road safety elements are not 
always covered, and as such, road safety impact is significant. Despite this issue, the 
ITS indicates possibilities which can effectively improve road safety. 
The possibility of ITS is also seen when the important of speeding behavior considered with 
the belief that drivers will drive slower in the presence of radars (Edna et al., 2016). As 
indicated by Kalifa (2013), despite the reduction in traffic accident victims within 
Abu Dhabi in 2012 compared to 2008 in all kinds of injuries, from deaths to minor 
injuries. This reduction was considered as unsatisfying compared to the effort 
exerted in improving and securing roads. Moreover, no previous research has 
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investigated in detail the relationship between the use of traffic safety technologies 
and reducing serious road traffic accidents in Abu Dhabi. 
All these motivate the researcher to explore the relationship between the usage of 
traffic safety technology devices and serious road traffic accidents in Abu Dhabi, and 
selected highways to study, while more than three-quarters of fatalities in Abu Dhabi 
occur on the highways. 
Traffic safety technologies refer to systems such as speed cameras, electronic 
signboards on highways, low visibility motorist warning system, intelligent speed 
assistance, GPS, and adaptive cruise control. Serious road traffic accidents refers to 
accidents resulting in injury (injurious accidents) or death (fatal accidents) of 
passengers or road users. 
1.6. 2 Research aim and objectives 
In the light of the above, the aim of this research is to develop a decision support 
framework which advises the deployment of traffic safety technology devices based 
on the analysis of serious road traffic accidents on highways in Abu Dhabi. This is 
formulated in the following objectives: 
 To examine the various factors affecting serious road traffic accidents. 
 To identify an appropriate safety interventions and suitable intelligent 
transport systems to reduce serious road accidents.  
 To investigate the relationship between the usage of traffic safety 
technologies and driver attitudes and behaviour. 
 To examine the direct effects of the usage of traffic safety technologies on 
other traffic safety dimensions. 
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 To develop the association between traffic safety technologies in the 
highways and both accident frequency and accident severity. 
 To design a framework that can be used to advise the regional safety strategy 
to be sustainable. 
 To validate the design framework throughout Abu Dhabi highways. 
The above objectives can be differentiated as the first and second objectives focus on 
theory, the third, fourth and fifth objectives concentrate on empiricism, and 
objectives six and seven pay particular attention to the study conclusions. 
In this thesis, the aim and objectives will be achieved using the real data collected 
from International Airport Road (E-20) and Suwaihan Road (E-20). The details of 
the methods used to fulfill the research design and the objectives at different stages 
are discussed in Chapter 4 of this thesis. 
1.6. 3 Scope and limitations of the research   
The scope of this study concerns the use of traffic safety technologies to reduce 
serious traffic accidents in Abu Dhabi highways and was limited in its application to 
Abu Dhabi. The scope also concerns a decision support framework for the 
deployment of traffic safety technology devices in Abu Dhabi.  
The limitations of this study included the scarcity of traffic safety technology 
devices, except speed cameras, in Abu Dhabi highways, which affect drivers' 
perceptions in the effectiveness of the use of different traffic safety technologies on 
the drivers' behaviour, drivers' compliance to speed limits, impact of adverse weather 
conditions, and how technologies can deter traffic offences. Another limitation noted 
is the lack of accessibility to data on specific parts of highways in Abu Dhabi. It 
could be noted that on different distances of the same roads, speed cameras were 
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installed on different dates and times. Meanwhile, when it comes to data on the 
frequency and severity of accidents, they were given for the entire roads instead of 
being given for specific parts of the road. Moreover, another limitation is the lack of 
published research on the relationship between the use of traffic safety technologies 
and serious road traffic accidents in Abu Dhabi highways.  
1.6. 4 The thesis structure 
This thesis is organized into 10 chapters. This section provides an overview of each 
chapter in the thesis. 
Chapter 1 (background) provides general statistics and the current state of serious 
road traffic accidents worldwide and in Abu Dhabi, AD strategic targets and 
forecasting, in addition to stakeholders co-ordination and data gathering 
management, in addition to the aim of the research work. 
Chapter 2 (literature review) presents the road safety factors in Abu Dhabi and 
worldwide. It goes in depth for each of legislation and enforcement, engineering, 
education, vehicle and driver safety, and emergency response. 
Chapter 3 (literature review) shows the advanced technologies to prevent serious 
road traffic accidents, policies and new directions, road user behaviour, and 
infrastructure safety assessment and emergency management. 
Chapter 4 (research methodology) provides a clear picture of the thesis design, and 
the overall approaches and methods of exploring this study. 
Chapter 5 (analysis and discussion) summarizes the results of the driver survey 
into the relationship between the use of traffic safety technologies and driver 
behaviour, within Abu Dhabi highways. This chapter provides a detailed analysis of 
the driver responses to the questionnaire questions. 
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Chapter 6 (analysis and discussion) provides the results of an experts‘ survey to 
examine the direct effects of the use of traffic safety technologies on other traffic 
safety dimensions, within Abu Dhabi highways. The aim of this survey is to collect 
the traffic safety experts' views on traffic safety technologies and their deployment in 
Abu Dhabi's highways. 
Chapter 7 (analysis and discussion) focuses on the impact of speed cameras on the 
frequency and severity of accidents on Abu Dhabi‘s highways. 
Chapter 8 (results) presents a framework designed to advise the regional safety 
strategy to be sustainable. 
Chapter 9 (validation) validates the design framework through Abu Dhabi 
Highways. This was done by the use of focus group research design. A panel of 
traffic safety experts and professionals in traffic safety in Abu Dhabi were identified 
to be a sample of this focus group. 
Chapter 10 (conclusion and recommendations) summarizes the most important 
contributions of the research, and then proposes further recommendations and 
research directions. 
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CHAPTER TWO: 
Literature Review 
2 Road safety factors in Abu Dhabi and worldwide 
2.1  Introduction 
Road traffic accidents, especially serious accidents which occur from time to time, 
remain foreboding and overwhelm society as they are connected to necessary daily 
activities such as using vehicles in transportation and shipping; however, using cars 
becomes risky if the individual fails to use them well and safely for the reasons they 
were made for. Individuals injured or killed in traffic accidents must deal with pain 
and suffering, medical costs, wage loss, higher insurance premium rates, and vehicle 
repair costs. For society as a whole, traffic accidents result in enormous costs in 
terms of lost productivity and property damage (Li-Yen Chang and Mannering, 
1997). Traffic regulations and enforcement have been enacted to achieve safety and 
security for all road users. Design safe roads and conducting traffic safety audits has 
also become a priority to achieve the target in reducing serious accidents. Vehicle 
and driver safety, driver training and education, emergency response and continuous 
performance evaluation are very important factors in any traffic safety strategy. The 
following discussions shall cover in detail the road safety factors in Abu Dhabi and 
worldwide, which include all the factors mentioned above.  
2.2  Legislation and enforcement 
2.2. 1 Current situation worldwide 
"Ever since the motor vehicle became a common means for transportation, road 
traffic has been regulated by a network of rules and regulations. Many rules are 
necessary for the mobility of traffic but, especially after the Second World War, there 
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has been a growing number of rules implemented to improve traffic safety (Åberg, 
1998). Today, there are 47 countries with laws meeting best practice in speeding, 34 
countries in drink-driving, 53 countries in child restraints, and 105 countries in seat-
belts. Furthermore, in the last three years 17 countries, representing 409 million 
people, have amended their traffic safety laws to be in line with best practice (WHO, 
2015). Since the main goal of the legislation is to reduce collisions, Åberg (1998) 
argues that rules in road traffic are necessary because, generally, drivers cannot be 
expected to learn through their own experiences about the negative consequences of 
behaviour. According to the previous review, enforcement is also needed to increase 
the effects of safety rules and must be visible to be effective. In an investigation of 
increased police surveillance on speeding behaviour, high-enforcement roads were 
compared with low-enforcement roads (Nilsson et al., 1983). "When a new law is 
implemented the population is normally informed about the new legislation through 
information campaigns and police enforcement against violations of the law. 
Therefore, the effect of the rule and the effects of the enforcement are difficult to 
separate" (Åberg, 1998). According to some worldwide practices, normal 
enforcement levels mean that a driver who is speeding every time when driving a 
vehicle can look forward to being detected once in three years (Nilsson and Engdahl, 
1986). On the other hand, many evaluations show that decreased speed limits directly 
reduce the total number of accidents with personal injury (Elvik et al., 1989). 
Mahmoud (2009) insists that the basic principle is that if all the matters have been 
made according to the law, the odds of the occurrence of violations of the law are 
narrowed, and accidents shall not occurred except with force majeure. 
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2.2. 2  Current situation in Abu Dhabi 
2.2.2. 1 Legislation in Abu Dhabi 
During the 1990s, the development of the infrastructure in Abu Dhabi was moving at 
a pace which caused an increase in journey distance, drivers, and vehicles. With the 
subsequent increasing collision rates, the Ministry of Interior (MoI) was motivated to 
co-ordinate the first Federal Traffic Legislation and introduced Law 21 (1995) which 
is the fundamental law for traffic and road safety legislation within the whole UAE. 
The MoI remains the responsible authority for the Federal Legislation relating to 
road safety (Rowe et al., 2010). In 2007, a further revision of the law was provided 
that increased the maximum penalty from AED 500 to 3,000 and fixed fines for 147 
different fixed penalty violations (attached in Appendix B). This also included the 
introduction of the black point system. If more than 24 penalty points are 
accumulated, a driving licence is revoked. The revision to the Law also provided the 
Minister of Interior with greater authority and the new rules were implemented in 
March 2008. It was recognised that there were still some gaps but it was considered 
important to ensure that society moved with the introduction of the new rules. 
Vehicle construction and usage, lighting, registration and licensing and vehicle safety 
requirements are covered in the law, but there needs to be a more precise 
specification. In particular, there should be consideration given to the requirement for 
fitment, maintenance and use of rear fog lights during times of restricted visibility 
(Rowe et al., 2010).  
2.2.2. 2 Enforcement in Abu Dhabi    
Traffic regulation and enforcement is primarily the responsibility of the Traffic and 
Patrols Directorate, which has some 2874 staff. The Traffic Safety Section in the 
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Traffic and Patrols Directorate has responsibility for the management and 
deployment of speed management devices, whether fixed or mobile (Labbett et al., 
2010).  
 
Figure 2.1: Abu Dhabi Police started use the radar gun in 2010 (ADP, 2013). 
 
Traffic and Patrols have primary responsibility for fast roads and the investigation of 
serious injury collisions. To assist with this role, a specialist team of collision 
investigators responds with 24-hour coverage. Abu Dhabi Police is the responsible 
authority for enforcement within the Emirate of Abu Dhabi and is incorporated into 
the Ministry of Interior (MoI) that has Federal responsibility (Labbett et al., 2010). 
Abdal Qader (2007) believes that recording the violator is the central link between 
the commission of the offence and the punishment of the offender. The executive 
authority in Abu Dhabi represented by Traffic and Patrols Directorate shall execute 
this procedure; due to the multiplicity of types of offences provided by law, the first 
and last aim is the safety of all road users, whether they are drivers or pedestrians. 
The core work of the Traffic and Patrols Directorate is to seek to record these 
violations in order to achieve safety and security for all, and not wait for the accident 
as a result of violation of legal rules to move to record the violator. In this regard, the 
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method to be followed in recording  and implementing the prescribed penalty for the 
traffic ticket has a great impact on the traffic offender as a deterrent to him and to 
others; for example, the impact of enacting a traffic violation in the presence of the 
traffic offender not only affects the physical side with respect to the value of such a 
violation, whether the traffic ticket is taken in his presence or in absentia, but also 
affects the psychological side that the traffic offender suffers due to being stopped in 
public (see Appendix C for serious violations). Therefore, the application of law 
while taking into account all these dimensions in one way or another may limit 
committing such traffic violations, which might cause traffic accidents on highways 
(Mohammed, 2009).  
Table 2.1: The focus on presence violations as an important indicator in ADP (ADP, 2013). 
Year 2007 2008 2009 2010 2011 2012 
The percentage of 
presence violations from 
total violations 
13% 25% 15% 20% 15% 16% 
 
Qader (2007) adds that the increasing number of recorded high-speed tickets whether 
via radar or other methods may not only indicate the failure of the law to achieve its 
goal concerning the limit of the occurrence of the violations or the non-effectiveness 
of penalties, but it may also indicate the non-effectiveness of the following method in 
recording speed tickets despite the increasing numbers of violations. This could be 
because such an increase may be for a number of reasons, such as the increasing 
number of vehicles in general, the increasing traffic on the roads as a result of urban 
and developmental expansion in the State, the improvement and expansion of the 
road network which give the drivers an impression of safety in exceeding the speed 
limit. In addition to what can be considered a good cause, which is the inadequacy of 
 
Chapter 2 Literature Review: Road safety factors in Abu Dhabi and worldwide 
 
27 Musallem Al Junaibi, PhD Student, 2013 
 
penalty, the decreasing fines or the non-applications of the provisions of the law 
concerning doubling the penalties if the violation is repeated. 
On the other hand, the standard methods of recording speed tickets are still very 
important. Major Al Shahai (2013) insists that the usage of modern technologies in 
Abu Dhabi does not replace the standard recording of speed tickets, because facing 
the traffic offender with his violation will affect him badly, especially if he is 
accompanied by his family, wife or friends, as the relationship between the police 
and the public in the Arabic States is still passive because the public does not take in 
the various tasks of the police. Primarily the police aim to maintain his security and 
safety before punishing him, and it's fair to also indicate that acts of ill-treatment by 
some police officers towards the public are included in such reasons. This may be 
due to insufficient training or the misunderstanding of the police's functions and 
duties towards the public. 
 
Figure 2.2: High number of cars with apparent illegal level of tinted windows in Abu 
Dhabi (ADP, 2013). 
 
 
2.3  Engineering 
2.3. 1 Current situation worldwide 
Various studies on road safety factors have been carried out by different authors 
throughout the years. These studies present different engineering road safety factors 
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in the international scene. In the Norwegian study by Elvik (2001), a meta-analysis 
of 33 studies which have assessed the impact of road safety on area-wide urban 
traffic calming schemes was carried out. The study discussed that urban traffic 
calming schemes are often implemented in residential areas in town as a means of 
decreasing the environmental and safety issues prompted by road traffic.  
Elvik (2011) adds that A hierarchical road system was created and through traffic 
was eliminated from residential streets via street closures or one-way road systems. 
Speed-slowing devices were often put up in residential areas. The main roads were 
managed in order to ensure larger traffic volume without necessarily causing delays 
or accidents. The meta-analysis indicates how traffic calming techniques generally 
decrease accidents by about 15%, with the greatest reduction in accidents observed in 
residential areas. A similar decrease in accidents is also seen in main roads. 
Reductions are also observed in terms of property damage only incidents. General 
results in evaluation studies are rich in terms of study design and no evidence of 
publication issues in the evaluation studies was observed. The results also have a 
significant degree of external validity. In relation to road safety engineering, the 
management of horizontal curves was also considered in the New Zealand study by 
Charlton (2007). The study indicates how driver errors related to horizontal curves 
were caused by three-related issues – failure in driver attention, miscalculation on 
speed and curves, and improper lane positioning. Charlton (2007) indicated how 
advance warning signs on their own are not as effective in decreasing speed as when 
they are used in combination with chevron sight boards and/or repeater arrows. 
Among the road marking treatments used, only the rumble strips indicated any major 
decrease in speed. Herringbone road marking was seen to create major improvements 
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in driver‘s lane positions, allowing the flattening of drivers‘ pathways within the 
curves. The combined use of herringbones and chevrons with the repeater arrow 
signs indicated a significant decrease in speed, including improvements in lane 
positioning. These results indicate evidence that treatments which support perceptual 
signs are the most valuable remedies in managing the curve speeds for drivers. A 
similar study by Afukaar (2010) sought to assess road safety engineering measures, 
specifically for developing countries. This study indicated how vehicle speed was a 
factor in vehicle crashes, with Ghana used as an example. The study revealed how 
most driver errors related to vehicle speed. Rumble strips and speed humps proved to 
be effective measures on Ghana‘s roads.  The rumble strips indicated on the primary 
Accra-Kumasi highway decreased the incidents of crashes by about 35% and deaths 
by 55%. Decreasing speeds may be an effective remedy in decreasing traffic crashes 
for low-income states; however the decreased speed limits are not effective 
interventions without the traffic law enforcement tools needed to guarantee that 
limits are observed. Developing states must consider the lack of other speed control 
measures, including rumble strips and speed bumps, as well as lanes which separate 
slow and high-speed users, and other solutions like speed governors, and improved 
awareness of the issue. Additional to that, Montella et al.‘s (2015) study on the urban 
motorway A56 show that the effect of speed on safety is greater on curves and for 
injury crashes. These crash modification functions allow the quantification of the 
safety effect of the speed changes, even though they are affected by some limitations. 
Estimates of the speed values in the different observation periods are based on 
accurate measurements of the average travel speeds of each vehicle crossing the 
enforced sections before and after the system‘s activation. 
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2.3. 2 Current situation in Abu Dhabi 
In general, there are few studies which have specifically covered road safety 
practices in Abu Dhabi. The majority of the studies on road safety practice have 
covered the entire United Arab Emirates. Some of these studies shall be included in 
this review. Castle et al. (2010) also discuss how the use of road safety strategies, the 
Crash Analysis Reporting System (CARS), the review of design standards, the 
development of Road Safety Audits (RSA), and a safety assessment of road 
proportion network have been able to decrease road accidents. The Abu Dhabi Police 
and DOT have reviewed the traffic impact studies in order to evaluate new 
developments, to review designs of new roads, to prepare specific traffic studies, to 
issue permission for temporary traffic management, and to manage truck restrictions. 
These tools have helped provide remedies in crash reduction and crash safety. For 
crash reduction, Abu Dhabi has secured compliance with consistent and proper 
design standards, safety auditing of designs, coordinated planning of developments, 
and planned and effective maintenance. Issues in the implementation of these 
improvements relate to the lack of crash data information, lack of clarity of roles and 
coordination of stakeholders, design standards not up to quality, design faults 
repeated across the network, boundaries between the DoT and municipalities not laid 
out properly, and traffic data not collected on the network. These issues impact on 
the efficacy of the road safety process for Abu Dhabi, making it difficult to 
significantly decrease the rates of accidents in Abu Dhabi. In the study by Kathairi et 
al. (2001), the authors discussed that the municipality of Abu Dhabi is trying to 
update its master transportation plan. The first step in this process was to gather 
sufficient information on transportation system qualities. The strong data collection 
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process allowed for a comprehensive evaluation of traffic qualities for the first time 
in about 20 years. The quality of traffic improved significantly in Abu Dhabi at this 
point. Recent improvements in government working hours led to a major change in 
peaking patterns. Some qualities, including the availability of taxis, are unique. Other 
qualities, including general peak period elements, are seen for most Arab Gulf cities. 
Through the data collected from the studies, the peak patterns, vehicle classes, 
vehicle occupancies, and other qualities have been observed. These data indicate 
gaps and issues in the vehicles and road qualities, mostly those which indicate the 
risks borne by road users in Abu Dhabi. 
 
Figure 2.3: Abu Dhabi Highways (Abu Dhabi Government, DOT, 2013) 
 
Bener and Alwash (2010) also sought to evaluate how high-speed driving of motor 
vehicles impacts on traffic safety in the UAE. The authors revealed that with the use 
of radar systems and speed cameras in 1994 in the UAE, speeding levels were 
significantly reduced. Moreover, the monitoring radar systems and video cameras 
also decreased road accidents and deaths. With reduced speeding in the country, road 
accidents were decreased. The authors recommended a combination of remedies in 
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order to reduce these road accidents. These remedies included decreasing the speed 
of driving and the use of seatbelts. 
 Figure 2.4: Speed cameras (radars) location in the capital (ADP, 2013). 
 
 
Figure 2.5: Speed cameras (radars) location at the Outer Regions (ADP, 2013). 
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Figure 2.6: Speed cameras (radars) location in Al-Ain Region (ADP, 2013). 
 
 
 
 
 
 
 
 
Figure 2.7: Speed cameras (radars) location in the Western Region (ADP, 2013). 
 
2.4  Education 
2.4. 1 Current situation worldwide 
The human element (the driver) is the main cause of accidents, not only at the local 
level, but all over the world. This fact is one of the fundamentals of the science of 
investigation in traffic accidents and the results of the theoretical, practical, and 
technical analyses, particularly honourable ones (NHTSA, 2006). In this regard, 
much road safety education has been cited in various studies. In a review by Wooley 
(2000) published in Australia, the authors indicated the efficacy of in-car training for 
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high schools, concluding that not much evidence has been seen supporting driver 
education and training for high schools, and most of the scientific studies ominously 
indicate the limitations in high school driver education and training essential in 
securing net road safety benefits. This education more or less indicates higher 
licensure rates and younger ages of drivers, causing issues which are far more than 
the benefits gained. In yet another Australian study, the author (Christie, 2001) 
assessed the international literature on the efficacy of driver training as a part of road 
safety. Christie (2001) main focus was wider than the Woolley study on high school-
based driver education and training. In general, his study evaluated the safety value 
in the programmes for three specific groups: learner drivers, young/recently licensed 
drivers, and experienced drivers. His review indicated that for learner drivers, the 
pre-licence education does not assist post-licence reductions in crashes. Moreover, 
mandatory pre-licence training, including high school driver education policies in the 
US, may support improved exposure to risk for young drivers, specifically, females, 
by supporting early solo licensing. Also Vanessa et al.'s (2013) argue that pre-licence 
training programs seek to develop the skills that are required to obtain a driver‘s 
licence and drive safely, such as basic traffic assessment and vehicle control . Post-
licence training programs aim to increase skills that are considered relevant to 
accidents prevention including hazard perception,  slip control and advanced control 
skills. Vanessa et al.'s (2013) insist that traditional programs for driver training have 
not reduced young drivers‘ crash risk.  
Sound evidence nevertheless indicates that with advanced or defensive driving 
courses, accidents would likely be decreased.   
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2.4. 2 Current situation in Abu Dhabi 
Parkes et al. (2010) discuss that the driver training and education situation in Abu 
Dhabi enjoys benefits with the presence of the Emirates Driving Company created in 
2000. This company carried out contracts with SweRoad to secure a base for a 
comprehensive driver education programme. Currently, EDC secures theory training 
for light vehicles, heavy vehicles, heavy buses, and motorcycles; with initial stages 
of practical training for light vehicles. Parkes et al. (2010) added that in Abu Dhabi, 
the Emirates Driving Company has ensured that ambition would ensure world-class 
driving resources which provide new tools for traffic safety and driver education in 
the Middle East. For Abu Dhabi, the education and training for drivers have the basic 
foundations laid out, however, more improvements in the training and education 
process are required in order to reduce traffic accidents. However, in the field of 
awareness in the framework of raising the trust level of the public towards Abu 
Dhabi government operations which serve traffic safety, all classes of society are 
periodically addressed using direct and indirect means to spread traffic culture and to 
satisfy society, such as traffic awareness methods which had a significant impact on 
improving public confidence in the police services in such a field. Additionally, the 
Traffic Week might be one of the most important means of communication with the 
society which is held annually to tackle updates, new programmes and services on 
traffic safety services (Alittihad, 2013).  
Since the beginning of 2013, Abu Dhabi Police has started carrying out 20 traffic 
programmes so the awareness shall include all classes of society to improve road 
users' behaviours, raise the awareness and the public education of the usage of safety 
belts, helmets, legal speeds, safe crossing, respect for traffic lights, leaving enough 
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distance, sudden deviation and loss of attention while driving, and other risks that 
cause traffic accidents (Al Nabhani, 2013). 
Figure 2.8: Traffic week events in Abu Dhabi (ADP, 2013) 
Moreover, the number of lectures, traffic exhibitions and awareness points that were 
implemented last year in Abu Dhabi reached around 766 programmes, benefiting 
approximately 63,000 and 562 persons at a daily rate of about two programmes 
(Alittihad, 2013). The Abu Dhabi programme to reduce traffic accidents called 
"together" has achieved great success on Facebook and YouTube among various 
classes of society. The total number of posts and comments on Facebook reached 
6,234,347 comments and views, and the number of followers on Facebook reached 
about 1412, as well as awareness messages via Twitter reaching 800,000 users 
(Alittihad, 2013). 
As indicated by Zayton (2011), the Traffic and Patrols Directorate in Abu Dhabi 
Police works on boosting cooperation with various institutions and companies from 
the public and private sectors within the framework of strengthening institutional 
integration, including Abu Dhabi Sports Council, Abu Dhabi Education Council and 
Family Development Foundation, to participate in joint ventures that benefit the 
State and the nationals. Al Nabhani (2013) argues that 999 traffic injury accidents in 
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the Emirate of Abu Dhabi in 2012 caused by drivers aged between 18 and 30 years, 
and 726 injury accidents caused by drivers aged between 31 and 45 years, while the 
share of the age group 46 to 60 years is 260. Al Nabhani adds that therefore these age 
groups are more entitled to receive awareness and training. The Directorate 
encountered the above risks through establishing strategic partnerships with 
audiovisual media to support, improve and increase traffic safety levels by initiatives 
aiming to improve traffic safety, which can reach all classes of society through an 
awareness-raising plan for Abu Dhabi traffic.  
2.5  Vehicle and driver safety 
2.5. 1 Current situation worldwide 
Horberry (2010) argues that "Many industrial domains are changing due to the 
increased uptake of automation or intelligent safety systems, whilst at the same time 
new operational methods for manufacture, mining, storage, service, transport or 
maintenance are being introduced. Such developments will undoubtedly change the 
uses of industrial mobile equipment, but the need to develop and maintain safe and 
efficient traffic management systems will surely remain." 
Martin (2012) discussed how GPS receiver data can sometimes malfunction in 
difficult environments, including urban canyons and heavy foliage. Inertial sensors 
ensure data between GPS updates and can improve the position solution within a 
GPS/INS setting. Additional data from safety sensors within the vehicles, including 
lane departure warning sensors, can improve the navigation solution even more by 
limiting the inertial difficulties even with the presence of GPS issues. This paper by 
Martin seeks to secure a measurable navigation solution which can apply a 
combination of GPS, decreased inertial sensors, full inertial information, vehicle 
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data, and vision indicators, based on what would be found in a difficult setting. Data 
was observed in Detroit, Michigan within a diverse setting which includes heavy 
greenery, highway, and downtown regions. Supporting the approach includes a 
qualitative assessment of the overall trajectories seen on the map of the region 
involved and quantitative assessments of the trajectories established by the proposed 
system as well as the reference system. Kannan and colleagues (2010) suggest the 
use of an ontology modelling approach in supporting drivers via safety warning 
messages at critical instances. An intelligent driver assistance system is an important 
element in VANET, which highlights the generation of alert messages seen on the 
context-based elements, including driving incidents, driver activity and environment. 
The I-DAS ensures the parameter representation and the management of a crucial 
situation is established via ontological modelling. Other significant safety 
technologies including adaptive cruise control and collision avoidance system 
support the issuance of warnings to drivers. Through the I-DAS, the importance of 
simulation for all vehicles within real-life scenarios was observed. Eichberger and 
Wallner (2010) discussed that in Europe, ensuring traffic safety is an important issue 
because the economic burden of traffic accidents amounts to about 200 billion Euros 
a year. Studies on traffic safety have established various safety processes in 
decreasing such costs, and decreasing injury risks. A recent practice in traffic safety 
is the use of different advanced driver assistance systems as a main safety system 
used under normal driving settings and used before collision.   
At present, crash protection devices available to vehicle owners have improved 
significantly. Still, the low-income and middle-income states are, however, lagging 
behind in terms of enforcement. Also the intelligent speed adaptation (ISA) systems 
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appeared more efficient at reducing speeds for drivers with experience on some road 
types. Experienced drivers‘ subjective satisfaction ratings of the systems also 
remained stable over the assessment, whereas inexperienced drivers‘ ratings changed 
later than experience. There was slight evidence that drivers engaged in negative 
behavioural adaptation and no evidence that the use of ISA increased the subjective 
workload levels (Young et al., 2013). Moreover, in regard to an in-car tutoring 
system, the young drivers only made fewer violations if the system gave feedback 
messages, and even though they were convinced that the system had positive effects 
on traffic safety, they disliked it. In contrast, elderly drivers were pleased with the 
system. Elderly and young drivers expected a great traffic safety effect from 
enforcement and tutoring systems; 83% of the drivers expected a decrease in number 
of violations while an increase in safety was expected by 72% of the drivers (de 
Waard, D et al., 1999). A likely approach for Brovold et al. (2007) to decrease the 
incidence of teen driver accidents and fatalities is through the use of vehicle-based 
intelligent driver support systems. To be most effective, the system should deal with 
the behaviours associated with an overwhelming number of fatal teen accidents.  
2.5. 2  Current situation in Abu Dhabi 
Cumming et al. (2010) indicate that the general requisite in vehicle safety for Abu 
Dhabi is indicated in the Ministerial Order No 130 of 1997, which indicates the by- 
laws on traffic. The laws indicate the Federal laws into Abu Dhabi legislation with 
changes seeking to focus on the local concerns. It includes the following elements 
involved in vehicle safety: drivers‘ responsibilities in terms of ensuring the 
roadworthiness of their cars; specific requisites for drivers of trucks in terms of load 
security; and the general elements to be secured in order for cars to be registered. 
 
Chapter 2 Literature Review: Road safety factors in Abu Dhabi and worldwide 
 
41 Musallem Al Junaibi, PhD Student, 2013 
 
Other relevant laws include hours of work, the weight of vehicles, and licensing for 
vehicle operators. In the current setting, private light automobiles are generally new, 
and more or less roadworthy. In contrast, different large commercial vehicles 
assessed at the roadside were in unfavourable states of roadworthiness with a variety 
of obvious vehicle issues, including poor tyre conditions. 
 
Figure 2.9: Poor tyre conditions on large commercial vehicles (ADP, 2013). 
 
Major Al Shahi (2013) insists what is well-known by the drivers is the necessity of 
ensuring the safety of cars different equipment and parts before using it. The 
technical inspection of the car shall not be only done by the traffic departments to 
ensure its safety but also the driver has to carry on this as a part of his duties. 
Kalifa (2012) insists that the technical inspection of the car by the traffic department 
in ADP is no longer just outwardly checking in order to make sure that care is 
corresponding to the data contained in the drivers licence (property registration), but 
also that the main objective of the inspection is to ensure the validity of the car 
driving on the road and it does not pose a threat to its driver or road users. 
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2.6  Emergency responds 
2.6. 1 Current situation worldwide 
Sanchez-Mangas and colleagues (2009) discussed the number of deaths seen in road 
traffic accidents in Spain, which is over three thousand individuals annually.  
Authorities have secured some provisions seeking to decrease this figure. Some 
improvements include road quality standards and legal shifts supporting careful 
driving habits. However, not much attention has been paid to issues relating to the 
decrease in the number of deaths for each accident, and this mostly relates to 
emergency medical response. Based on a sample of 1400 accidents, the authors 
sought to assess the extent to which the time interval between the crash and the 
arrival of emergency services is associated to the decreased possibility of death for 
the victims. The results indicate that with a 10 minute decrease of medical response 
time, there is a general decrease in the possibility of death by one-third on 
motorways and on conventional roads. Noland (2004) argues that overall results 
suggest impressive reductions in fatalities with improved and controlled medical care 
and technology. This has interesting implications for maintaining future reductions in 
fatalities and the possibility of attaining significant further improvements in several 
countries. The fatality reduction effects from these are likely quite substantial and a 
further understanding of these effects is beneficial for at least a couple of reasons. 
First, it provides a framework for understanding how to direct available resources for 
reducing traffic fatalities. Second, large reductions in traffic fatalities due to 
improvements in medical technology may often distort the analyses of other safety 
policies and may lead analysts to mistakenly conclude that some policies are more 
effective than they actually are.    
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2.6. 2 Current situation in Abu Dhabi 
Johns et al. (2010) discuss that the Abu Dhabi Police are tasked with the 
management of the delivery of the EMS and rescue during road accidents, and 
although other providers are set to support the service, the main focus has been on 
the function of the police and the ambulance rescue. It was not possible to identify 
the person who has the role of managing direction for the ambulance service and 
other clinical management elements.   
 
Figure 2.10: Emergency ambulance rescue vehicle ready to serve accident injuries. 
 
The focus areas report indicated that Abu Dhabi has high death rates in relation to the 
number of injuries. This may relate to road safety and is important in establishing 
patient outcomes. There are also emergency ambulance rescue vehicles and these are 
well-equipped with well-trained staff which are also focused on managing the road 
traffic collision incident. For the more complicated rescues, specialist support can be 
taken from the Civil Defence, which is tasked with rescue situations. Based on on-
scene clinical skills, even as there is controlled access to doctors, the general staffing 
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of emergency ambulances includes emergency medical technicians who have various 
life-saving support skills (Johns et al., 2010).   
Johns and colleagues indicated that in relation to the transport to the hospital ER, the 
extended travel to the receiving hospital can be made more difficult by the non-
ergonomic qualities of the vehicles. Where there is a prolonged travel time for the 
critically injured, a helicopter transfer must be used instead. The emergency services 
have written a paper founded on patient report forms, supported with best practice, 
which forms the initial part of the patient‘s clinical records. However, not much 
evidence was seen on the advanced clinical data relating to a patient‘s condition 
communicated to the ER ahead of the arrival of the ambulance. Electronic patient 
care records relate to electronic arrivals which help in securing the appropriate 
application of emergency management skills. An international coding process has 
been recommended for hospital facilities and medical coverage. These codings are 
from Level 1 to 5 with Level 1 as the highest of covers. In the Al Ain Hospital where 
the facilities were based on a Level 2 emergency hospital, coverage was on a 24/7 
basis. The diagnostic and treatment facilities were favourable and the beds were 
adequate. The admission process was made possible through the intensive care units 
and through general units where appropriate. Arrangements for transfers were also 
seen, especially for critically injured patients, and those with burns to better centres 
for management (Johns et al., 2010). 
2.7  Conclusion 
Penalty is one of the deterrence methods that drive individuals to follow the law to 
achieve its purpose, which is protecting members of the community and achieving 
safety and security for them. Assuming that it achieves the restraint of traffic 
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offenders, penalties may not have much to achieve in this field for being inadequate 
or for other reasons. Breaking traffic regulations not only affects traffic offenders but 
it can harm other road users if this breach resulted in an accident. Also, given the 
importance of vehicles to most life operations, and the relatively high rate of serious 
road traffic accidents, the attention paid to other significant aspects such as safe 
vehicle design, in addition to the importance of driver training and education, 
emergency response and continual evaluation which can affect traffic safety. All 
studies mentioned in this section support the importance of continually allowing for 
the introduction of innovations in relation to traffic safety. As some countries have 
secured these innovations and improvements, Abu Dhabi has also attempted to 
provide and secure these improvements. Clearly, efforts to focus more on the road 
safety factors will improve our understanding to take the right direction to reduce 
serious road traffic accidents in Abu Dhabi.  
It can be concluded here that implementing traffic safety technology devices properly 
in roads and in the safe design of vehicles to face serious road traffic accidents 
through improving enforcement, drivers‘ behaviour, vehicle and driver safety, 
engineering road defects, and  emergency response, needs comparatively more study 
and more focused research.  
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CHAPTER THREE: 
Literature Review 
3.  Safety interventions and ITS to reduce serious road accidents 
3. 1 Introduction 
The use of artificial intelligence in road traffic has significantly changed in recent 
years. The current transportation system includes improvements and technologies 
which aim to promote and ensure the safety of road users. This can be seen in various 
developments in relation to information and communication technologies, including 
enforcement systems, electronic support, and driver support systems. Such systems 
include a combination of road safety improvement measures which seek to improve 
high expectations in road safety use, and to prevent drivers from bad behaviours. Just 
as the automobile industry has come up with various innovations, transportation 
systems have also grown and developed new technologies to respond to the needs of 
road users.  
This chapter shall describe the intelligent transport system safety technologies and 
their role in decreasing serious road traffic accidents. This chapter shall discuss the 
advanced attempts to prevent serious accidents such as the use of speed, weather, and 
wrong drivers‘ behaviour management technologies, new directions and initiatives, 
road user behaviour, and some safety and security assessment for the infrastructure. 
3. 2 Advanced technologies to prevent serious road traffic accidents 
3.2. 1 Speed management technologies 
3.2.1.1 Speed cameras 
Applications of intelligent transportation systems (ITS) involve the use of speed 
cameras, which has been recognized as an effective measure in preventing serious 
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road traffic accidents in many countries. Mobile speed cameras are usually operated 
by police officers from their vehicles which are often parked at roadsides. Such 
cameras are portable and can easily be moved to other sites when necessary (Sigua, 
2008). They are able to detect the speed of vehicles travelling towards or away from 
the camera. Radar systems have also supported the effectiveness of road traffic 
management. In Qatar, for example, point-to-point radar systems have been 
considered as a means of measuring car speed while they are traversing roundabouts 
or signals (Sawicki, 2011). The radar is set to measure car speed based on the 
distance between two points, assessing the car‘s travel time. These radars are usually 
used by police officers to detect speeding offences. For some road users, these radars 
are useful in order to detect and possibly self-correct their speed. Parallel with 
Sawicki‘s (2011) comments that point-to-point radars are usually used by police 
officers to detect speeders, moreover, the installation of the point-to-point speed 
enforcement system on the urban motorway, A56, led to very positive effects on both 
speed and safety. As far as safety effects are concerned, the P2P system yielded a 
32% reduction in total crashes, with a lower 95% confidence limit of the estimate 
equal to 22%. The greatest crash reductions were produced in rainy weather (57%), 
on wet pavements (51%), on curves (49%), for single-vehicle crashes (44%), and for 
injury crashes (37%). It is noteworthy that the P2P system produced a statistically 
significant reduction of 21% in total crashes also in the part of the motorway where it 
was not activated (22.3 km vs. 18.1 km), thus generating a significant spillover effect 
(Montella, A et al., 2015).  
Benefits of speed cameras in the United States involved the reduction of the total 
number of all road crashes by 19% (Elvik and Vaa, 2004). In Australia, a very 
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intensive speed enforcement programme contributed to a 41% reduction in fatal road 
crashes, while in the UK the national safety camera programme resulted in an 
estimated 42% reduction in serious injuries and fatalities from road accidents (Gains 
et al., 2004). By evaluating the impact of speed cameras on road safety, it is noted 
that after the implementation of speed enforcement programmes there were 
reductions ranging from 40% to 45% for crashes involving serious injuries, 8% to 
46% for fatal crashes, and 14% to 72% in all crashes (Wilson et al., 2006). Australia 
and Canada have both used automated speed enforcement (ASE). The use of speed 
cameras in Canada was found to be associated with a 9% reduction in crashes and a 
2.8 km/h fall in mean speeds at the locations of speed cameras (Chen, Meckle and 
Wilson, 2002). In Ontario, a one-year ASE pilot programme minimized the number 
of cars exceeding the speed limit by 50%. The number of cars moving at more than 
40 km/hr over the speed limit was reduced by 74%. Also, in Australia after the 
automated speed enforcement system was implemented, the percentage of traffic 
exceeding the speed threshold for enforcement fell from about 11% to 2.4% 
(Edwards, 2001). In France, implemented road safety initiatives involved the fully 
automatic speed control, as well as information campaigns which supported the 
subjective risk of sanctions against drivers (Goldenbeld and Schagen, 2005).  By the 
end of August 2007, fixed and mobile cameras were in operation in France. With the 
introduction of automatic speed control, the number of speeding tickets has 
decreased as offenders have become easier to track. Road deaths in France decreased 
by 31% from 2002 to 2005; since most drivers adapted their driving behaviour in 
fearing non-compliance with traffic regulations (European Commission, 2010). 
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In Northern Kosovo, drivers seemed to support the application of the new traffic 
enforcement technologies (e.g. speed cameras, speed limitation devices and devices 
to prevent driving under the influence of alcohol), while the lack of enforcement 
seems to influence the configuration of attitudes toward speeding and the violation of 
traffic law too. Therefore, it is likely that devices would result in major 
improvements in traffic safety (Stanojevi et al., 2013). However, according to De 
Pauw et al. (2014), the installation of speed cameras has a positive effect on traffic 
safety, in particular on severe crashes. At locations with a lower speed limit, the 
cameras seem to generate greater effects. Furthermore, speed cameras are an 
effective measure to improve traffic safety at locations with a high number of speed 
violations.  
3.2.1.2  Anti-lock braking system 
On the other hand, most of these innovations have involved high-end cars where 
modern applications can be used to prevent road accidents. One of these measures 
includes the ABS or the anti-lock braking system. ABS works alongside the existing 
brake system of the vehicle by automatically pumping it. For cars not equipped with 
this device, the driver has to manually pump the brakes in order to manage wheel 
lockup (Bhumkar et al., 2012). For automobiles with ABS, the driver‘s foot would 
stay firmly on the brake pedal and the ABS pumps the brakes, allowing the driver to 
concentrate on steering safely. Another advanced measure is electronic brake-free 
distribution, or EBD. This EBD is a brake technology which by design would vary 
the force used on the brakes, mostly using road conditions, speed and loading 
(Bhumkar et al., 2012).  
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3.2.1.3  Adaptive cruise control  
In the 1990s, the first adaptive cruise control system was introduced into the market; 
it was set to support the usual cruise control system available to vehicles then. 
Standard cruise control elements allowed drivers to choose a specific driving speed 
(European Commission, 2002). The adaptive cruise control system is more advanced 
as it adapts or adjusts driving speed based on the speed of the vehicle ahead of the 
automobile. It must be acknowledged that the driving simulator researches which 
created these results only ensured that respondents would drive in the simulator for a 
limited period of time. The impact of the ACC based on absolute speed and the 
impact of secondary roads have not yet been clearly indicated (Hoetink, 2003). 
Dragutinovic and colleagues (2005) assessed differences relating to average speed in 
driving with and without the ACC. Their study indicated different results in relation 
to average driving speed. For some studies, elevated speeds were seen in ACC 
systems when compared to those without ACC (Hoedemaeker, 1999). In effect, 
evidence relating to the impact of ACC is not yet conclusive and the impact of ACC 
in terms of driving speed is still not verified. Intelligent speed assistance (ISA) is 
considered a welcome addition to the intelligent transport system in relation to its 
improvements in safety (European Commission, 2010). The standard system applies 
an in-vehicle digital road map on which speed limits have been coded and included 
in the positioning system, which may sometimes be a satellite global positioning 
system (GPS). ISA seems to refer to a complete intervening system; however, it is a 
collective term for different vehicle systems. The open ISA firstly warns the driver 
that the speed limit has already been exceeded. The driver would then decide on 
whether or not to adjust the speed. 
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3.2.1.4  Intelligent speed assistance 
New vehicle innovations include possibilities for speed management and changes in 
behaviour. Speed assistance innovations can also secure functions which classical 
engineering cannot perform (Cauzard, 2004). These innovations can inform drivers 
in all places what the speed limit is, and warn these drivers if they are going above 
the speed limit. As such, drivers are able to react to the changes in speed. The system 
provides insight and support to the driver; such possibilities are not observed in 
traditional measures (Cauzard, 2004).   The ISA applies counterforce over the 
accelerator pedal when the speed has already been exceeded (Wegman and 
Goldenbeld, 2006). The advanced driver assistance system includes on-board 
sensors, alongside digital maps as well as other computerised data, to allow for 
vehicles to conceptualise the environment. They ensure control, promote the 
avoidance of accidents, and assist in the planning of journeys. ADAS includes 
various innovations available in the latest vehicles (Wegman and Goldenbeld, 2006). 
One such innovation is the electronic stability control where the system 
automatically brakes the individual wheels in cases where a monitoring steering 
wheel angle notes another intended trajectory. Adaptive headlights are also observed 
in ADAS. It includes swivelling of the beams in relation to the steering wheel angle, 
allowing for better lighting during cornering. Adaptive cruise control has already 
been mentioned above (Wegman and Goldenbeld, 2006).  Speed alert is also part of 
the ADAS. In this case, satellite navigation data is used to provide a signal to 
vehicles traversing the roads too quickly when reaching a specific road section 
(Goldenbeld and Schagen, 2005). ITS in relation to safety also includes protecting 
other road users via the establishment of detection systems which can indicate for 
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drivers the presence of pedestrians or street maintenance workers (European 
Commission, 2010). Close to 37% of serious road accidents involve these 
individuals, sometimes not visible through rain or fog. This system is based on a 
night vision system established in Europe. However, manufacturers sought various 
elements of technology, including specific performance elements and manufacturing 
effects. Some vehicles were also set with an infrared system, as seen in military use 
(European Commission, 2002).   
3. 2.2 Weather management technologies 
Weather is a major concern for the transportation system, especially as it poses a risk 
to safety, mobility and productivity. Weather impacts on road safety as it can 
increase the risk of injury, delay travel, and impact on speed variance (Goodwin, 
2003). Weather impacts on productivity as well as road access and also increases 
costs relating to maintenance. In order to manage the environmental threat, advisory, 
control, and treatment strategies can be set forth. Advisory can include data relating 
to prevailing conditions on transport managers and motorists. Control remedies 
change the roadway devices and allow for the regulation of roadway capacity 
(Goodwin, 2003). Treatment measures include the resources which seek to reduce 
weather impact. Treatment strategies include the coordination of traffic and ensuring 
emergency management tools. Mitigation strategies can be used to respond to issues 
like fog, high winds, rain, ice, hurricanes, and avalanches.  
Some of these weather management systems will be discussed in this chapter. In 
Alabama, for example, the Alabama DOT Low Visibility Warning System is in place 
(US DOT, 2001). This system includes six sensors with forward-scatter processes 
which are used to evaluate the distance of visibility. The sensors are placed at one-
 
Chapter 3 Literature Review: Safety interventions and ITS  to reduce serious road accidents 
 
 
52 Musallem Al Junaibi, PhD Student, 2013 
 
mile intervals along bridges. The flow of the traffic is recorded via CCTVs. Videos 
from the CCTVs are then displayed through control rooms and sensor data are sent to 
a central computer through the communication system (US DOT, 2001). The 
computer manages 24 variable speed limits as well as dynamic message signs used to 
indicate advisories for motorists. When fog is observed via the monitors, the central 
computer is consulted and visibility sensor assessment is indicated for each zone. 
Warnings are sent into the zones depending on visibility. Messages would be 
displayed on DMSs advising changes in speed (US DOT, 2001). The California DOT 
Motorist Warning System is also another weather safety system. Freeways in San 
Joaquin County, California are often prone to low visibility instances. This system 
has been set up to warn motorists of driving hazards in these areas. Traffic and 
weather information gathered from various detection sites in the freeways are 
detected and recorded (Fitzenberger, 2003). The data includes a rain gauge, forward-
scatter visibility sensor, direction sensors, humidity sensor, barometer, and remote 
processing. The data is transmitted to a networked system. If necessary, roadside 
warnings are immediately sent to the driver depending on road conditions 
(Fitzenberger, 2003). In cases where visibility falls below 200 feet, the advisory 
includes vehicle guidance resources implemented through the Department of Energy 
Management. Flashing amber lights on top of patrol vehicles are sometimes 
deployed, leading the cars to safe areas. The City of Aurora in Colorado also 
includes a weather safety system. This system includes an in-vehicle device, central 
control system, and a wireless communication system (Beneski, 1998). Snow 
ploughs are also equipped with messaging and communication systems. Through this 
system, messages can be entered and displayed to drivers. Position data is sent to 
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computers and cell phones every 20 seconds (Anderson and Nyman, 2000). As such, 
the road users are warned of the road conditions, possible low visibility areas, and 
similar road issues (Beneski, 1998). The Florida DOT Motorist Warning System is 
also set forth in order to reduce the impact of the weather on road safety (Pietrzyk, 
2000). In this system, a sensor is embedded in the road itself. It records traffic 
volume as well as speed of vehicles. This system has helped reduce the impact of 
road conditions on users. Speed variance has been secured where necessary, 
preventing road crashes and decreasing crash risks (Pietrzyk, 2000).  
Figure 3.1: A low-visibility warning system framework 
Sensors placed at one mile 
intervals
Evaluate the distance of visibility
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3. 2.3 Driver behaviour management technologies 
3.2.3.1  Driver support systems 
Part of the intelligent safety system also relates to the remedies which have been set 
for drivers. The usual systems relating to driver safety refer to navigation routing. 
This system secures location as well as route guidance to the driver (Srinivasan and 
Jovanis, 1997). The use of newer technologies includes the radio data system (RDS) 
as well as traffic message channels. Such systems include static data from data 
sources including compact discs and DVDs providing data on traffic conditions 
along the automobile route.   
Navigation routing systems can help drivers in managing their route or securing their 
path in areas they are not familiar with, ensuring traffic efficiency and safety on 
vehicle speed and distances. Moreover, the driver is expected to be more aware, with 
the increase of system support (Golias et al., 2001). With better vehicle speed, 
headway in relation to the preceding automobile can also be managed better. 
Nevertheless, with navigation systems not including real-time data, traffic data is not 
expected to ensure traffic efficiency benefits. Various integrated navigation systems 
have been introduced; and most of these systems support drivers through additional 
services including the ability to take control during unsafe driving conditions. Other 
capabilities include the management of environmental and road surface elements 
(Hayward et al., 2000). Such systems assist the driver in his driving, indicating 
changes when there are unsafe conditions and allowing for safety benefits where 
high speeds are detected. No major traffic impact has been observed from these 
systems; but speed and headway benefits have been considerable.   
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Real-time traffic and traveller data systems include data secured for road users in 
relation to traditional navigation processes with real-time travel-related data, which is 
taken from the infrastructure. In general, the data from the user includes descriptive 
or prescriptive guidance (Bonsall and Parry, 1991). The descriptive systems include 
current and future traffic conditions, including data on events which can help drivers 
establish routes. Other systems allow for users to gain data from routes and 
additional information to help drivers choose the best route. Various systems allow 
for the drivers to identify criteria in determining the best route (Golias et al., 2001). 
Other systems relate to prescriptive guidance. This helps establish the best path and 
relays such to the user (Davison et al., 1997). Real-time traffic data systems can 
consider data, including vehicle location, guidance instructions, work zones, as well 
as environmental road surface conditions (Davison et al., 1997). Real-time data 
systems consider the current traffic conditions, allowing for adjustments to be made 
based on traffic irregularities. Moreover, these systems can use data relating to 
planned events in order to manage the driver‘s route. A reduction in distance driven 
is also expected to have a major impact on traffic efficiency as well as safety. In 
some cases, major headway improvements are not expected, with real-time traffic 
traveller data not ensuring vehicle control. It is also to be noted that unfavourable 
consequences from the above driver data systems are also possible (Golias et al., 
2001). These require in-vehicle screens which can sometimes distract the attention of 
the driver in tasks to be performed. Data on driver activities on the use of these 
systems may also be considered essential in the identification of the general safety 
impact as well as the redesign of the systems, where needed.  
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3.2.3. 2 Driver perception 
Vision enhancement processes can also improve the driver‘s visual range, especially 
where poor visibility is observed. These systems call for in-vehicle equipment to 
sense and process data, including specifically designed headlights as well as infrared 
and radar sensors (Mahach et al., 1997). Data from in-vehicle systems can also be 
secured alongside data taken from road sensors and then transmitted wirelessly to the 
vehicle to detect the danger of possible collision. The data is based on on-board 
computers which process it and compare it with pre-programmed safety thresholds. 
Generated collision signals can also be seen on head-on displays or relayed via 
audible signs via the vehicle audio systems for drivers (Jamson et al., 2006). Vision 
enhancement systems can also ensure favourable impact in managing safe and 
longitudinal as well as lateral lengths for drivers. With drivers being more aware, 
safer distances can be ensured. In relation to speed and driver awareness, vision 
improvement is seen to promote identifiable safety benefits. These systems also 
improve visibility ahead and are expected to impact on speed of vehicles.   
Rear-view mirrors have been considered a major piece of safety equipment for cars 
(Golias et al., 2001). Nevertheless, there are limits in their use, especially as factors 
may cause poor viewing conditions as well as the occurrence of blind spots. Video 
cameras and infrared sensors can substitute rear-view mirrors by displaying images 
on a special screen in the dashboard. These systems are considered electronic mirrors 
(EADM, 1999). Other elements seek to improve the viewing of these images. Audio 
or visual warnings can sometimes be indicated by the system, especially where some 
images are detected by the system. The electronic mirror systems help the driver 
secure safe distances, especially in blind spots or during poor visibility incidents 
 
Chapter 3 Literature Review: Safety interventions and ITS  to reduce serious road accidents 
 
 
57 Musallem Al Junaibi, PhD Student, 2013 
 
(EADM, 1999). The automatic driver warning system where unsafe driving 
conditions are present can improve the awareness of drivers, allowing for more 
safety gains (Golias et al., 2001). Parking sensors are also a new advancement in 
road accident prevention. These sensors are also considered as proximity sensors for 
vehicles and they can alert drivers to obstacles while parking. These sensors may be 
electromagnetic or ultrasonic in nature (Fernando et al., 2012). 
3. 3 New directions, policies, and initiatives  
New directions, policies, and initiatives on road traffic safety have mostly included 
the strict implementation of road safety laws in areas where these laws are already in 
place. For other countries where these road safety laws are still not set in place, 
attempts to introduce and plan such laws have been established (Cairney et al., 
2013). In general, road safety laws have been improved in 35 countries, covering 
about 10% of the global population (WHO, 2013). These states have passed laws in 
order to manage various road risks, including road traffic injuries and deaths 
(Cairney et al., 2013). About 94 states have now secured laws which cover to some 
extent various risk factors; however, there has been no significant increase since 
2008 of countries implementing road traffic laws. 
3.3. 1 Speeding 
Speeding is one of the major road risks observed for most countries (Camacho-
Torregrosa et al., 2012). High speeds increase the risk of crashes and also the impact 
or severity of any injuries resulting from such crashes. Measures to decrease speed 
have been known to result in major reductions in road traffic injuries. High speed is a 
global issue impacting on most road networks, in both urban and rural areas. Limits 
are different depending on the kinds of roads. Currently, even for high-performing 
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states, there is a major difference in the speed limits for specific road types; however, 
most states have a hierarchical application with speed limits over various levels. For 
higher speeds, these are mostly allowed for motorways, expressways, and multi-lane 
roads which have a lesser risk of contact between motor vehicles (Elvik, 2010). 
These roads also provide protective barriers to delineate motorists from the opposite 
direction. For motorways, lesser rates of road injuries are seen.   
For rural roads, different kinds of roads are observed, including single-lane roads; 
speed limits also range from 70 to 100 kmh (WHO, 2013). These roads are more 
prone to accidents due to differences in the speed of motorists (Elvik, 2010). A clear 
delineation of road safety in rural areas is, however, difficult to undertake because of 
the different descriptions and types of rural roads in different countries. Some 
countries have also implemented traffic calming remedies which seek to decrease the 
speeds of vehicles in these vulnerable areas. These measures have proven effective in 
decreasing road traffic accidents and injuries (Laappotti and Peraaho, 2011).   
Even as over half of all states are implementing and securing national speed limit 
legislation, these figures still do not represent significant improvements in global 
traffic measures (Zhu et al., 2013), while their implementation is inadequate, with 
only 26 nations grading their implementation of speeding laws as good. Including 
high-income states which have the finances to secure enforcement of speeding laws, 
their implementation is still considered weak (da Silva et al., 2012). Implementation 
of speed limits is very much important in ensuring safer driving attitudes and 
behaviours and therefore requires greater emphasis in most territories.  
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3.3. 2 Driving under the influence of alcohol 
Alcohol and driving represents a greater risk of involvement in injuries. Alcohol 
impairs driving to the point where it can lead to crashes; the higher the alcohol 
intake, the greater the risk for crashes. A good majority of adults are already affected 
in their driving at blood alcohol concentrations of 0.05 g/dl and at 0.1 g/dl, the risk of 
crashes registers at five times greater than those who have a zero blood alcohol 
concentration (National Safety Council, 2000). The impact of alcohol intake on 
driving is further increased with fatigue. As such, alcohol represents a bigger 
problem among commercial drivers, who are often driving for hours on the road.   
Various blood alcohol concentrations limitations are set in different parts of the 
world. The passage and implementation of BAC limits of about 0.05 g/dl would 
imply major reductions in crashes related to alcohol intoxication (Bener and Alwash, 
2002). From 2008, 89 states have implemented drunk-driving laws, specifying 
acceptable BAC limits at 0.05 g/dl or even less. Such limits have also been set for 
areas where alcohol consumption is actually prohibited by their laws, including 
various Arab countries, including the UAE (Bener and Alwash, 2002). Still, there is a 
need for the implementation of actions in relation to alcohol and driving, especially 
as there are still countries which do not have related policies in relation to alcohol 
intake and driving.  
3.3. 3 Wearing helmets for motorcyclists 
The wearing of helmets for motorcyclists has also been strictly imposed in various 
countries, and for some states, these laws have been strengthened (Lewis et al., 
2012). The increased use of two-wheeled vehicles in various nations has also caused 
a corresponding increase in fatalities among motorcycle users (26) (Lewis et al., 
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2012). Motorcyclists represent about one-third of road traffic fatalities in the 
Southeast Asia region. These accidents have also increased in incidence in other 
regions like Africa and the Latin American region. Most of the injuries and causes of 
death represent severe neck injuries; disabilities have also arisen from these 
motorcycle riders (Wegman et al., 2012). In Europe, motorcycle accidents have 
caused about 75% of deaths for motorcyclists. For the low-income and middle-
income nations, head injuries are also common among these motorcyclists, with 88% 
of these incidents leading to deaths. 
The use of standard-quality helmets have been known to decrease motorcycle 
accidents by at least 40%. The introduction and implementation of laws on the use of 
helmets has therefore been an important addition to the ultimate goal of decreasing 
head injuries among motorcyclists (Wegman et al., 2012). Much improvement has 
been seen for countries with helmet laws being imposed for motorcycles and their 
passengers, covering all road types, discounting the types of engines. An increase in 
countries has been seen, from 131 in 2008 to 155 in 2011. For high-income states, 
they are more likely to already be imposing helmet laws as compared to low- and 
middle-income states. In order to decrease head injuries for motorcyclists, many 
countries have also re-evaluated their helmet laws and have sought to strictly 
implement these laws (Jacoby, 2013). In order to ensure the highest level of 
implementation, helmet laws have to be founded on strict implementation as well as 
social marketing drives. Although helmet laws have been passed in different states, 
the implementation of these laws has generally been weak with only about a third of 
these countries rating the implementation as good (Jacoby, 2013). 
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3.3. 4 Using seatbelt  
Seatbelt use has also been considered an effective means of preventing road traffic 
accidents and deaths caused by road accidents (Abu-Zidan, 2012). In cases of motor 
vehicle crashes, occupants need seatbelts in order to keep them in place. Those not 
strapped to their seats usually crash into the front windows or steering wheel of their 
cars at about the same speed they have been travelling (Dinn-Zarr, 2001). Failure to 
use seatbelts can also lead to drivers being propelled forward out of the vehicles, 
often putting them at risk for major injuries, even death (Peden, 2004). The use of 
seatbelts decreases these risks for the drivers and passengers of the vehicles. The 
wearing of seatbelts is also different for each country. Most countries have imposed 
laws, mandating the use of seatbelts; most of these laws cover drivers and front seat 
passengers only, but not rear seat occupants. At present, complete seatbelt laws are 
being imposed in over 111 countries (WHO, 2013). However, there is a need to take 
more aggressive strides towards the implementation of these laws. In order to 
effectively increase the use of seatbelts, states have also secured the assistance of 
police officers. Still, only about 25% of these countries with seatbelt laws rate the 
implementation of these laws to be good (WHO, 2013). For some countries, they 
have also sought to gather data on the wearing of seatbelts; mostly as a means of 
targeting resources and assessing the efficacy of seatbelt policies (Abu-Zidan, 2012).  
3.3. 5 Child restraint systems 
An important aspect of road safety also includes the use of child restraint systems in 
order to prevent injuries on infants and young children. These infant and child 
restraints are meant to decrease the risk for fatal crashes (Holder, 2001). These 
restraints are not automatically installed in vehicles, hence, they are usually fitted by 
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parents. For the low- and middle-income economies, this is a more challenging and 
costly requirement for their child‘s safety (Zaza, 2001). Challenges on child 
restraints include cost and access, including impracticality due to the size of families 
which may not simply accommodate the installation of these child restraints (Zaza, 
2001). Awareness of these restraints has been improved in the past decade, especially 
in the fitting of these restraints by car companies themselves. These adjustments 
include specially designed seats which have become standard in car designs. About 
96 countries have established a law calling for child restraints in cars (WHO, 2013). 
Most developed states already have these laws in place; but these laws are not too 
common in low- and middle-income states. Most European states have imposed 
these restraint laws, however, only one Southeast Asian country has passed such a 
law in their jurisdiction. Despite the available legislative acts, however, the 
implementation of child restraint laws is still low for most countries, with about 9% 
only of these countries with child restraint laws rating the enforcement levels as good 
(WHO, 2013).  High-income countries also have similar issues. 
3. 4  Road user behaviour 
3.4.1 Speeding 
There are various road user behaviours which often lead to road traffic accidents. 
Speed is one of the factors which have a significant impact on the occurrence of road 
crashes. Speed impacts on the risk of crashes and injuries (Simsekoglu et al., 2012). 
The physical parameters of roads including their general environs are said to 
encourage and sometimes discourage excessive speed. With higher speeds, the crash 
risk is also higher, especially with road changes and during overtaking; road users 
may sometimes inadequately calculate their speed or overestimate their distance to 
 
Chapter 3 Literature Review: Safety interventions and ITS  to reduce serious road accidents 
 
 
63 Musallem Al Junaibi, PhD Student, 2013 
 
other cars, especially those approaching from the opposite lane (Simsekoglu et al., 
2012). Moreover, in these instances, average increases in speed at 1 km/h imply a 
greater risk of serious injury or death. Driving at speeds greater than 5 km/h than the 
speed limit (65 km/h) implies an increased risk for deaths in cases of car crashes. 
This risk is equivalent to alcohol intoxication of 0.05 g/dl (Ellison et al., 2012). 
Among passengers in crashes, the impact of speeding at 80 km/h is likely death. 
Pedestrians are at the most risk from speeding vehicles as they have a 50% chance of 
perishing from such crashes, especially where speeds of cars are at 45 km/h and 
above. The possibility of pedestrians being killed increases by a factor of eight, 
especially as the impact of the car also rises where the speed of the car is increased 
(WHO, n.d). 
The speed of choice is therefore based on various elements, including driver-related 
elements like his alcohol level, age, and the number of passengers (National 
Technical University of Athens, 2012). Such speed is also affected by the road and 
the vehicle qualities. Traffic-related conditions, including traffic density and weather 
conditions, may also impact on the speed of the driver.  
3.4.2 Driving under the influence of alcohol 
As was already mentioned previously, alcohol is a significant risk factor for the 
occurrence of road crashes. Alcohol impairment can also impact on the severity of 
the injuries during the crash (Mayrose, 2008). Reports from low-income and middle-
income states do indicate that alcohol has been found in 33% of low-income and 
69% of middle-income fatal road accidents (WHO, 2013). 
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3.4.3 Driving under the influence of fatigue and sleepiness 
Fatigue and sleepiness for drivers has also been seen to impact significantly on the 
incidence of road accidents. Elements affecting fatigue and sleepiness may be 
attributed to long-distance driving, lack of sleep, and disturbed sleeping patterns. 
Young road users aged 16 to 29 are especially at risk for fatigue and sleepiness 
leading to road accidents (National Technical University of Athens, 2012). Also, 
shift workers who have irregular and long work hours. Finally, those who have 
untreated sleeping disorders present a significant risk for road accidents. Where 
drivers would be driving when they are very sleepy, driving after five hours of sleep, 
and driving in the early morning hours, from 2:00 am to 5:00 am, places these drivers 
at risk for accidents. These practices are usually seen among commercial drivers 
(National Technical University of Athens, 2012). These drivers are often pressured 
by owners to drive all-nighters in order to secure the most profit; as a result, these 
drivers are often pressured to drive at excessive speeds and for long hours, even 
when they are very tired or very sleepy.   
3.4.4 Using hand-held mobile  
In recent years, as hand-held mobile devices have become a cheaper commodity 
accessible to the masses, these gadgets seem have been considered a growing cause 
of road crashes. Hand-held mobile devices significantly affect driver behaviour, 
especially in terms of perception and decision-making (Dragutinovic and Twisk, 
2005). Dialling affects the driver‘s ability to stay on course. Based on studies relating 
to mental loading, driver reaction times increase by 0.5 to 1.5 seconds when the 
driver is talking to someone on the mobile phone. Studies also indicate that the 
performance of the driver in terms of securing correct lanes, maintaining distance 
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between vehicles, staying at appropriate speed limits, and judging safe spaces in the 
traffic are just some of the elements which impact on driver behaviour and which 
may contribute to the occurrence of road accidents (Dragutinovic and Twisk, 2005). 
Studies also indicate that the use of mobile devices while driving represents a crash 
risk four times higher as compared to drivers not using mobile devices.   
3.4.5 Failure to use crash helmets 
Failure to use crash helmets by two-wheeled drivers and occupants, and driver and 
passenger failure to use seatbelts and child restraints, have also been considered 
high-risk behaviours which have led to an increase in the severity of crash risks 
(WHO, 2013). These behaviours are important considerations in the management of 
road crashes because they have the potential of increasing the severity of these 
crashes to the road users.   
3.4.6 Road user behaviour in UAE 
In the same regard, road traffic accidents have become a significant public health 
issue in the Arabian Gulf states. Oil discovered in the region changed the lifestyles in 
the UAE (Bener and Crundall, 2005). A rise in immigration and population was seen, 
alongside an increase in the number of vehicles as well as the expansion of road 
constructions. However, associated behaviour was not as quick to change, mostly as 
behaviours were very much based on the blending of traditional and westernized 
practices (Bener, 2001). This caused the increase in the number of road traffic 
accidents as well as an increase in the deaths from these accidents. Previous studies 
have focused on the issues of aggressive behaviour as well as driving violations and 
their association with traffic accidents (Mesken et al., 2002; Bener, 2001). Most of 
the analysis, however, has covered westernized countries. Most researchers, 
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however, agree that it is not proper to isolate a primary cause for these accidents, 
with early accident studies indicating that 90% of all incidents can be credited to 
road user behaviour qualities (Kontogiannis et al., 2002; Mesken, 2002). Studies also 
indicate that casualty rates in the UAE and other Arab countries are at higher rates 
when compared to developing states, due to their higher levels of vehicle ownership 
(Bener, 2001; Bener et al., 2003).  
The gravity of the issue, therefore, implies the importance of studies relating to road 
accidents, as well as its related risk factors. In general, therefore, the activities of 
road users clearly indicate a significant risk factor. However, factors like age, sex, 
marital status, training, experience, emotional state, reaction time, vision, and driving 
speed also have a major role to play in the occurrence of road accidents (Bener and 
Crundall, 2005). In the UAE, due to the increased pace of its expansion and road 
developments, road traffic accidents have become a serious public health issue. The 
impact of the issues can however be significantly decreased where appropriate 
interventions can be made in order to manage road user behaviour.  
Based on a 2002 report by Bener and Alwash, a comparison of UAE with other 
developed nations indicated major differences in terms of driver behaviour. This 
indicates that cultural and lifestyle qualities are strongly related to a greater risk in 
the UAE. Assessments of elements of driver behaviour in high-income developing 
states imply that drivers have more dangerous driving habits (Bener et al., 2003); 
moreover, their obedience to traffic rules is also poor (Bener and Crundall, 2005). 
Reports also indicate that for most countries in the Arab region, the seatbelt law is 
largely ignored (Bener et al., 2003; Klenk and Kovacks, 2003). These reports also 
indicate that social and economic elements may impact on road safety in specific 
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states. The Bener and Crundall (2005) study also suggests that death rates caused by 
road accidents may reduce significantly the safety conditions in specific countries. 
Rowe et al. (2010) indicate that a driver improvement plan is focused on developing 
improvement in driver behaviour. Such plans may include diversion plans for the 
driver to attend a special course, at the expense of the driver, where the offence is 
related to a dangerous driver behaviour. For example, a course highlighting the 
dangers of speeding may be warranted for speed-related offences where the speed is 
not grossly excessive but warrants the issue of black points. 
3. 5 Infrastructure safety assessment, security assessment 
Available infrastructure can also affect the risk for road crashes. For motorized 
states, poor visibility is very much significant as such visibility impacts on motor 
vehicles running into each other from moving or stationary vehicles; this risk is 
exacerbated when driving at night (Hoque et al., 2012). It can also lead to angled 
collisions and even head-on collisions during the daytime. Poor visibility also leads 
to rear-end collisions both in the night and day hours. For the low- and middle-
income states, poor visibility for drivers and pedestrians is a common problem (Liu 
and Meng, 2012). In these areas, there may also be more roads with poor lighting, 
and some roads may not be lit at all (Liu and Meng, 2012). For these countries, many 
vehicles and roads also do not have reflectors and have no signal lights pertinent to 
road conditions or speeds. 
For buses with passengers, including minibuses and trucks, crashes are often seen in 
low-income states (Herman et al., 2012). Using open-backed vehicles in the transport 
of passengers is often seen in the rural regions, indicating a greater risk of passengers 
being propelled out of the vehicles (National Technical University of Athens, 2012). 
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For the developing states, imported second-hand trucks and buses usually do not 
have crash protective features; these features are, however, very much apparent in 
developed countries. These imported trucks and buses are usually not crashworthy 
and are unstable when overloaded, and they are often overloaded (WHO, 2013). 
Different investments in the improvement of road infrastructure safety can be 
categorized into five groups: general, motorways, rural roads, junctions, and urban 
areas (Herman et al., 2012). For general investments, this would have to include road 
safety impact evaluations and safety inspections (Herman et al., 2012). For 
motorways, the development of motorways and interchanges is also significant. For 
rural roads, investments in horizontal curvature treatment, vertical curvature 
treatment, cross-section treatment, roadside treatment, speed limits, traffic control 
and operational elements, road surface treatment, lighting treatment, and rail/road 
crossings treatment are needed (Razzak et al., 2012). Investments in junctions are 
also important. This would have to include investments in the development of 
roundabouts, junction layouts, and in traffic control at junctions (Friedman et al., 
2007). In urban areas, investments in traffic calming schemes, in bypasses, and in 
improving land use regulations are also important.    
3.5. 1  Road safety impact assessment 
There is a need to approve processes for the installation and rehabilitation of roads; 
and such approval processes would likely include economic data, environmental 
impact, and traffic impact. Road safety impact assessment mostly refers to a strategic 
and comparative assessment of the impact of new roads or the modification of 
existing standards on safety performance of the road network (National Technical 
University of Athens, 2012). The road safety evaluation must indicate the 
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implications of road safety as well as the alternatives to infrastructures before these 
are carried out. In effect, road safety affects assessments at the early planning stages, 
ensuring that results of the assessment affect the planning process.   
Inclusive in the road assessment is the road safety audit. This includes various 
standards often established by the national road authorities. They cover road designs, 
traffic control, and maintenance. The end goal is to ensure high road safety. They 
also help detect and manage gaps in road designs (Elvik and Vaa, 2004). Moreover, 
they also help guarantee that remedies which seek to manage road safety issues are 
well evaluated (Austroads, 2002). Road safety audits also include various processes, 
often established based on checklists, seeking to ensure a wide range of issues 
covering development and implementation processes for various roads and traffic 
schemes. Based on the study by Rosebud (2004), the impact of road safety audits is 
based on how recommendations are actually implemented by those carrying out the 
audits. Effects on project costs and improvements in road safety engineering have 
also been observed, especially with new processes established to benefit road users 
(Austroads, 2002). Another aspect of road safety infrastructure assessment is the 
network safety management (National Technical University of Athens, 2012). This 
aspect of safety management is innovative and is founded on the assessment of 
current road networks, with the end goal of indicating the parts having high rates of 
accident and road improvements which have been known to manifest major 
reductions in accidents. The CEDR (2006) declares that most CEDR states have been 
dealing with high-risk areas for a long time. This network safety management has 
become a priority for many states, even as its processes have already been secured in 
developed countries. Identifying the roads which are considered high-risk is an 
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important goal, especially on roads where accidents have often occurred or have been 
expected to occur (CEDR, 2006). Identifying high-risk roads has to consider the 
number of fatal and severe incidents seen in any stretch of road. As soon as these so-
called blackspots are identified, improvement measures can then be implemented. 
The assessment of these areas would include the identification and the treatment of 
accident patterns, seeking to understand the overall safety of the entire stretch of road 
or intersections, as the case may be.   
3.5. 2  Treatment of hazardous locations 
Part of the management process in infrastructure and road safety includes the 
treatment of hazardous or blackspots. The general concept to be applied in this case 
is on the avoidance or reduction of accidents in these areas and instead, imposing 
traffic control measures (Elvik and Vaa, 2004). Hazardous locations may be different 
for different countries, with some hazardous areas being sections and others 
stretching up to a kilometre. Identifying these locations is a varying process and in 
some instances, can be based on the incidence of road accidents. It is, however, 
important to evaluate the related rates of accidents which consider the degree to 
which the road is used (National Technical University of Athens, 2012). 
Management of these locations can be implemented at the local or national level and 
may also include major or minor adjustments in the roads. In implementing these 
changes and adjustments to these blackspots, accidents can be reduced and mobility 
through the area may also be improved. Improvements may include building 
roundabouts, road safety treatments, traffic control measures, and other impediments. 
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3.5. 3  Road safety inspections 
These safety inspections include periodic evaluations of the roads by a safety bureau 
or agency. These inspections are part of the road maintenance process; and they 
allow for the reduction and detection of means by which risks of accidents can be 
decreased after the implementation of cost-effective processes (National Technical 
University of Athens, 2012). These inspections help prevent dangers for road users; 
they also affect the activities related to roadworks. They help identify the changes 
affecting the visibility of signs and markings; but they are also needed in ensuring 
safety gaps in specific locations. These inspections are often carried out within safety 
programme concepts; they also cover the sensitive points including level crossings 
and night visibility (Elvik, 2001). These safety inspections do not call for data input 
and assessors require expert skills as well as experience in road safety. Their 
assessment of risks and related issues does not also necessarily indicate the 
occurrence of accidents; but they help provide suggestions which would be best 
applied to the problem (PIARC, 2007). The risk assessment would determine 
relations between the design elements and the occurrence of accidents with the end 
goal of comparing possible routes and safety processes.   
3.5. 4 Motorways and development of motorways 
Infrastructure processes also include the development of motorways. The motorways 
are usually built to carry heavy traffic at significant speeds and with the least risk of 
accidents. These are also meant to receive long-distance traffic from other 
motorways; eventually meaning to prevent conflicts between long-distance and local 
traffic (Elvik and Vaa, 2004). Motorways are roads meant for motor traffic. They do 
not usually serve properties and road users in their vicinity. They are provided only 
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as special and temporary points of passage and they do not cross other roads with 
railways, tracks, or footpaths (Eurostat, 2003). Urban motorways are part of these 
motorways. These motorways usually represent lower accident rates; nevertheless, 
provisions for their safety are a responsibility of national and local authorities. In 
securing safety for these roads, a general positive effect has been seen (National 
Technical University of Athens, 2012). The impact is based on the management of 
traffic between the new and the existing roads in the area. Motorways have also 
presented advantages in terms of mobility, with improvements in travel times and 
speeds.   
3.5. 5 Interchanges 
Interchanges have also been considered an important addition to road safety 
infrastructures. Interchanges are usually separated based on various crossings within 
the traffic streams (Elvik and Vaa, 2004). Various interchanges can be seen, 
including diamond interchanges, trumpet interchanges, or cloverleaf interchanges.   
A variety of interventions can also be observed from the current interchanges, mostly 
to ensure better safety performance, including reconstruction for merge and diverge 
spots. These spots are areas of the main roads at interchanges where automobiles 
enter and exit and change lanes as they continue to travel along the highway (Forbes, 
2003). Traffic control resources and operation processes which can be implemented 
at the interchanges and ramp terminal intersections can be secured for these areas. 
These resources include signals, ramp meters, signages, overhead signs, roadside 
signs in reflective materials, route numbers, and pavement markings (Forbes, 2003).   
In providing these interchanges and ensuring their safety, level crossings are 
replaced. These roads present safer alternatives and they reduce the number of road 
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accidents. Diamond interchanges are the safest type of interchange because these are 
simple enough. They also have a favourable impact in terms of mobility and shorter 
travel times. For rural roads, infrastructure improvements include various changes, 
including horizontal curvature treatment. Most accidents seen in horizontal curves 
include single vehicle run-offs as well as head-on collisions (Torbic et al., 2003). The 
higher radius of the horizontal curves would help decrease accidents, especially 
when the radius of the curve is lower than 2000 metres. The use of transition curves 
can also allow for a decrease of injuries from accidents. Decreasing the proportion of 
road lengths lying within sharp horizontal curves is also related to significant safety 
effects in various studies. With higher distance between horizontal curves, positive 
safety effects are also observed, with curves following long stretches of straight 
roads often surprising drivers (Elvik and Vaa, 2004).   
Vertical curvature treatment has also proven to be an important safety factor. Risks 
of accident seem to be greater on gradients and lesser on level areas; moreover, the 
risk of accidents also seems to be higher with gradients (Harwood et al., 2000).   
In areas with high gradients, safety issues may be seen based on differences in speed 
between lighter and heavier vehicles. For crest curves, short distances may not be 
enough to allow safe overtaking, mostly when the curve radius is also low. Sight 
issues may also be seen in areas with sag curves (ERSO, 2006).  
3.5. 6 Cross-section treatment 
Width of cross-sections has a crucial impact on road safety. Cross-section elements 
would likely have an important impact on accident risks. Lane width must be 
considered in terms of expected speed, especially as these elements impact on the 
kinds of accidents on undivided roads. These incidents would also have to include 
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the single-vehicle run-off accidents (Harwood et al., 2000). Better lane width is 
needed to manage road safety. Building shoulders can help improve road safety for 
rural roadways. Studies indicate that shoulder width is more significant as a tool of 
traffic safety, especially at significant vehicle volumes. Other studies also indicate 
that as far as injuries are concerned, there are specific shoulder widths where injuries 
often increase; moreover, paved shoulders often lead to fewer road crashes (Hauer, 
2000). Very narrow shoulders or very wide emergency lanes may also be utilised as 
regular lanes, thereby increasing the incidence of accidents. Nevertheless, emergency 
lanes about 3 metres wide have been advantageous in maintenance work. Building 
median or central reservations, areas which separate opposite lanes, can also decrease 
the incidence of road accidents, especially where there are only two lanes (Hauer, 
2000). Hence, more effective measures are being recommended to decrease these 
accidents. The implementation of the above safety road infrastructure measures seek 
to increase the number of traffic lanes, increase total section width, introducing 
medians, and increasing the width of median. These cross-section treatments help 
develop the capacity of the road and therefore also help manage mobility (National 
Technical University of Athens, 2012). The environmental impact of these changes is 
not considered significant.   
3.5. 7 Roadside treatment 
Roadsides represent the area between the outer shoulder edge and the right-of-way 
limits (Torbic et al., 2003). It is a significant requirement in the roads, impacting on 
the occurrence of accidents as well as their gravity. Acceptable roadside designs 
would decrease accidents, but also improve visibility. They may, however, also 
decrease the impact of the accident itself, mostly with obstacles removed and steep 
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slopes eliminated. In effect, roadsides are a major element in ensuring a safe road 
environment. These treatments may include flattening of the side slopes, securing 
clear zones, setting in adequate marks and signals, as well as removing or adding 
roadside hazards (Torbic et al., 2003). Wider clear zones are often expected in 
ensuring safe environments, especially for possibly errant automobiles. The barriers 
are longitudinal barriers often applied as a shield for motorists, securing them from 
natural or man-made obstacles on both sides of the road (Torbic et al., 2003). Safety 
barriers can include the replacement of the safety barriers with softer ones, putting in 
median safety barriers on divided highways, and installing safety barriers between 
lanes from opposing traffic on the undivided roads. Rollover rates are often higher in 
roads with slopes; hence side slopes can be decreased or made flatter in order to 
decrease total road accidents (Neuman, 2003). In terms of safety barriers, improving 
the safety barriers to comply with the international standards seems to decrease the 
incidence of accidents. Safety barriers may however not represent similar effects on 
all obstacles. Roadway traffic control and operational elements include various 
improvements in road safety. These improvements include the installation of signs, 
delineations, pavement markings, rumble strips, and markers. Traffic signs include 
regulatory signs, warning signs, as well as guide signs (National Technical 
University of Athens, 2012).  
3. 6 Impact of the literature review on the research aim and objectives  
Serious road accidents are a common cause of death in Abu Dhabi and worldwide. 
However, road safety factors, which include legislation and enforcement, 
engineering, education, and emergency response are important to discussion and 
understanding to improve road safety in Abu Dhabi. Improving some or all road 
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safety factors can certainly influence road accident outcomes. Moreover, traffic 
safety technologies played an important role in improving road safety by reducing 
serious road accidents in different countries around the world. Hence Chapters 2 and 
3 have considered aspects of Abu Dhabi culture and its impact on serious road 
accidents on highways. This has contributed to the first two objectives of this study, 
which seek to examine various factors affecting serious road traffic accidents and to 
identify an appropriate safety interventions and suitable road safety technology 
systems to reduce serious accidents. The lack of a traffic safety technologies 
framework in Abu Dhabi instructed the formulation of the seventh objective related 
to the development of the decision support framework. The realisation of the 
framework requires the development of supportive knowledge described in the third, 
fourth and fifth objectives. The framework developed in Chapter 8, which concerns 
the deployment of traffic safety technologies in Abu Dhabi highways was also 
established based on the literature review of Chapters 2 and 3. 
3. 7 Conclusion 
The systems discussed above indicate the improvements to road safety being 
implemented in different parts of the world. These systems are considered intelligent 
because they adjust based on road and environmental conditions, as well as vehicle 
and driver qualities. These intelligent safety systems include road quality 
adjustments, weather management systems and driver behaviour adjustments which 
eventually help keep the roads safe. In effect, evidence relating to the impact of some 
of these systems is not yet conclusive and the impact of them in terms of driving 
speed is still not verified. On the other hand, policies and initiatives on road traffic 
safety have mostly included the strict implementation of road safety laws in areas 
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where these laws are already in place, but where these road safety laws are still not 
set in place, attempts to introduce and plan such laws have been established. Speed is 
the driver behaviour factor which has the most significant impact on the occurrence 
of road crashes and in recent years hand-held mobile devices have significantly 
affected driver behaviour, especially in terms of perception and decision-making. As 
an important factor in traffic safety, the available infrastructure main causes of 
serious accidents are poor visibility, wrong design and missing safety tools. Also, 
emergency management systems have been set in place in the management of serious 
road accidents to reduce their impact. 
In terms of what is found in Abu Dhabi, there is no framework for the deployment of 
traffic safety technologies up to the issue of scarcity of traffic safety technology 
devices, except speed cameras which were introduced in 1994 on the roads of Abu 
Dhabi. The current practices for the deployment of the speed cameras in the most 
dangerous highways in Abu Dhabi has been presented in chapter 7. The developed 
framework can improve the traffic safety on the highways in Abu Dhabi effectively, 
since it focuses on road safety elements such as, improving drivers‘ behaviour, 
deterring drivers from traffic offences, mitigating impacts of adverse weather 
conditions on safety, reducing dangers from road works and detours, increasing 
driver awareness about road hazards, and dispensing traditional notifications about 
accidents. The limitation in the literature review to satisfy the second objective of the 
study included the limitation of the previous studies which have specifically covered 
road safety practice in Abu Dhabi. Moreover, the findings from the previous chapters 
have been used in designing the framework, especially the system operation stage 
and system development stage, as shown in Figure 8.1. 
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CHAPTER FOUR 
Research Methodology 
4 Research methodology 
4.1  Introduction 
The methodology chapter focuses on providing a clear picture of the thesis design 
and the methods used in it. The overall approach to this study is a mixed 
methodology, which combines quantitative and qualitative methods. A questionnaire 
is one method used in this regard, and is designed to be quantitative. This is good for 
this study because it can be administered from any location and large samples are 
feasible with many questions being asked to investigate the relationship between the 
use of traffic safety technologies and driver behaviour, and to examine the direct 
effects of the use of traffic safety technologies on other traffic safety elements. There 
are two types of questionnaires designed and used in this study. The first one is for 
Abu Dhabi Highways drivers and the second is for traffic safety experts in Abu 
Dhabi. In the quantitative method, comparing statistics of fatalities and injuries 
before and after installation of the speed cameras is used to develop the association 
between traffic safety technologies in the highways and both accident frequency and 
accident severity. On the other hand, reviewing the results and findings of the 
literature review and identifying the questionnaire results in the aspects of 
enforcement, education, engineering, vehicle safety, driver attitudes and habits, and 
emergency response, and exploring the before and after statistics led to findings 
which were used to design a decision support framework that can be used to advise 
the regional safety strategy to be sustainable. The design framework was also 
validated through Abu Dhabi Highways by a panel of experts, namely, ten traffic 
safety engineers with more than 10 years‘ experience of traffic safety in Abu Dhabi, 
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which was carried out using the focus group method, which was qualitative in nature. 
The panel responses were taken into consideration for the final framework design. 
The basic rationale to increase the validity and reliability was used through a mixed 
approach in this study. The outline of this chapter is: the research design, the 
matching between the research objectives and the methods used, the strategy of the 
research, data collection methods, questionnaires design, determining the highways 
with the highest levels of severity to apply the before and after model on, research 
design of the decision support framework that was designed to advise the 
deployment of traffic safety technologies in Abu Dhabi highways, and research 
design for validating the decision support framework. The aim of this chapter is to 
participate in the methods used within the qualification of the research and the 
contribution to knowledge. 
4.2  Research design 
The research can be divided into seven main elements. The first one is the 
background of the serious road traffic accidents worldwide and in Abu Dhabi, which 
provides general statistics and the current state of road traffic accidents. The second 
element, the literature reviews, established the general view for the road safety 
factors in Abu Dhabi and worldwide, safety interventions, and intelligent transport 
systems to reduce serious road accidents. The literature reviews are based on 
searches and analysis in both Arabic and English. The Arabic language searches 
were seen as important in this study, while many pieces of information and 
arguments are available through Arabic hard copy only. Searches were carried out by 
visiting libraries and research centres, and using the internet. The third element of the 
research addressed the methodology. The fourth element of the study addressed the 
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field study, and analysis and discussion. The fifth element was, therefore, designed a 
decision support framework for the deployment of the traffic safety technologies 
based on the analysis of  serious road traffic accidents on the high-ways in Abu 
Dhabi as a result of the study. The sixth element was validating the design 
framework through Abu Dhabi Highways. The last element is conclusion and 
recommendation.  
The effect of the use of traffic safety technologies on the reduction of road traffic 
accident fatalities on Abu Dhabi highways does not have strong empirical evidence, 
but it is firmly governed by the literature review. The empirical gaps to be covered 
before developing a decision support framework are as follows:- 
 Investigate the relationship between the usage of traffic safety technologies and 
driver behaviour on Abu Dhabi highways. 
o Drivers' attitudes and driving habits 
o Effectiveness of the use of enforcement technologies  
o Drivers‘ compliance to speed limits  
o Impact of adverse weather conditions  
o How technologies can deter traffic offences.  
 Examine the direct effects of the use of traffic safety technologies on other traffic 
safety dimensions within Abu Dhabi highways.  
o Satisfaction with existing traffic safety technologies on Abu Dhabi 
highways 
o Direct effects of the use of traffic safety technologies on enforcement  
o Direct effects of the use of traffic safety technologies on traffic 
engineering 
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o Direct effects of the use of traffic safety technologies on drivers‘ 
education (driver awareness) 
o Direct effects of the use of traffic safety technologies on emergency 
responses. 
 Investigate the effect of traffic safety technologies on both accident frequency 
and severity on highways in Abu Dhabi. 
This research takes a deductive approach that entails working from a known 
hypothesis that traffic safety technologies play an important role, and can even play a 
much greater role, in improving traffic safety by reducing serious road accidents on 
the highways in Abu Dhabi.  
To realize the use of a deductive approach, quantitative tools for collective and 
analyzing data like the different types of questionnaires were used. Quantitative tools 
were preferred as compared to qualitative tools because they enable the researcher to 
come up with facts like a hypothesis on the ideal use of the traffic safety technologies 
to improve traffic safety in Abu Dhabi highways by reducing the serious road traffic 
accidents. This is unlike qualitative tools that first come up with an abstract idea, 
followed by creation of theories and concepts about the idea.  
4.3  The current research philosophical paradigm 
According to Easterby et al (2012) understandings of philosophical issues are very 
useful for many reasons such as helps to clarify research designs, indicates the 
limitations of a particular approach, and creates designs that may be outside past 
experiences. Research philosophy in this study introduced by discussing ontology, 
epistemology and axiology. 
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4.3.1 Ontology 
In summary, ontology tries to investigate characteristics of the physical and 
perceptual of what exists and refers to the claims that a particular paradigm makes 
about truth (Hitchcock & Hughes, 1995). Perceptions of the experts about the direct 
effects of the usage of traffic safety technologies on other traffic safety dimensions 
and perceptions of the users about the relationship between the usage of traffic safety 
technologies and driver attitudes and behaviour, are examples of ontology. 
4.3.2 Epistemology 
Selected methods to be used is largely influenced by the study methodology chosen. 
This methodology is mainly influenced by the theoretical perspectives to be adopted 
by the epistemological stance. In the simplest terms, epistemology is the philosophy 
of acceptable knowledge (Knight & Tumbull, 2008). The more interacts with the 
participants, the more they get to know about the topic studied. Subsequently in this 
study 672 drivers' and 107 experts' were involved in traffic safety which deal with 
the deployment of traffic safety technologies in Abu Dhabi highways. 
4.3.3 Axiology 
As far as axiological pose is concerned with the role of the researcher's values, it 
biases the study process and intuitions (Ponterotto, 2005). In additional to that, the 
axiology philosophy in this research was determined from the primary and secondary 
experiences which concentrated on the value of safety and security of human life. 
4.4  Matching between the research objectives and the methods used 
In Table 4.1 below, the research objectives were matched with the methods used to 
summarise the thesis design. 
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Table 4.1: Project objectives and methods used 
 
Chapter Methods Objectives No. 
Chapter 2 Literature 
Review: Road safety 
factors in Abu Dhabi 
and worldwide 
Literature review of  various safety 
factors affecting serious road traffic 
accidents. 
To examine the 
various factors 
affecting serious road 
traffic accidents. 
1 
Chapter 3 Literature 
Review: Safety 
interventions and 
intelligent transport 
systems to reduce serious 
road accidents 
Literature review of intelligent transport 
systems to reduce serious road traffic 
accidents 
To identify an 
appropriate safety 
interventions and 
suitable intelligent 
transport systems to 
reduce serious road 
accidents 
 
2 
 
Chapter 5 Investigate 
the relationship between 
the use of traffic safety 
technologies and driver 
behaviour 
Questionnaire for Abu Dhabi highways 
drivers was design to fulfill this 
objective. 
To investigate the 
relationship between 
the use of traffic safety 
technologies and 
driver behaviour. 
3 
Chapter 6 Examine 
the direct effects of 
the use of traffic 
safety technologies 
on other traffic 
safety dimensions 
Questionnaires for experts was design 
to achieve this objective. 
To examine the direct 
effects of the use of 
traffic safety 
technologies on other 
traffic safety 
dimensions.  
4 
Chapter 7 The impact of 
speed cameras on the 
frequency and severity 
of accidents in Abu 
Dhabi highways 
Before and after method 
To develop the 
association between 
traffic safety 
technologies in the 
highways and both 
accident frequency and 
accident severity. 
5 
Chapter 8 Design a 
framework and model 
that can be used to 
advise the regional safety 
strategy to be 
sustainable 
Review the results and findings of the 
literature review, and identify the 
questionnaire results in the aspects of 
enforcement, education, engineering, 
vehicle safety, driver attitudes and 
habits, and emergency response. 
To design a framework 
that can be used to 
advise the regional 
safety strategy to be 
sustainable 
6 
Chapter 9 Validate the 
design framework 
through Abu Dhabi 
Highways 
Review and validate the design 
framework by using the focus group 
method. a panel of experts, namely, ten 
traffic safety engineers with more than 
10 years‘ experience of traffic safety in 
Abu Dhabi participated in this method. 
Their responses were taken into 
consideration for the final framework 
design. 
To validate the design 
framework through 
Abu Dhabi Highways 
7 
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4.5  Strategy of the research 
This study aims to get to a deeper understanding and knowledge of the relationship 
between the use of traffic safety technologies and serious road traffic accidents in 
Abu Dhabi Highways. Designing a framework is a strategy for the research that 
involves the researcher collecting and making an analysis of data from a given Abu 
Dhabi highway. International best practices were reviewed and summarized for the 
advanced countries in the field of traffic safety and the current practice being 
implemented in Abu Dhabi was reviewed in this study. Also in this study, the 
researcher used the most dangerous freeway and minor arterial highway in Abu 
Dhabi as two highways to apply the fieldwork in. A survey is another design that the 
research uses. A survey is good for this study because it can be administered from 
any location and large samples are feasible, with many questions being asked about 
the relationship between the use of traffic safety technologies and driver behaviour. 
Additionally, the direct effects of the usage of traffic safety technology devices on 
other traffic safety elements. In addition to that, the use of surveys makes the 
researcher employ standard questions that result in uniform definitions and responses 
from the respondents. There are two types of questionnaire design to be used in this 
study. The first one will be for drivers, and the second for traffic safety experts. The 
questions were introduced in a logical sequence for each area of investigation, with a 
combination of both open-ended and closed-ended questions for the experts‘ 
questionnaire, and closed-ended for the drivers‘ questionnaire were used to create a 
balance between obtaining specific standardized information and retaining the 
flexibility to raise unanticipated responses. Each construct in the study was measured 
using a five-point Likert scale. The design philosophy of the questionnaires was 
based on the fact that they had to be simple, clear and understandable for the 
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informants, whilst on the other hand they had to be integrated, efficient and easy for 
interpretation. The driver and expert questionnaires are provided in Appendix E.  
4.6  Data collection methods 
It is important to choose relevant data collection methods for the study because they 
will aid in successful completion of the study. The method that is selected by the 
researcher will determine how data is collected in the course of research. The various 
methods of collecting data will vary depending on the approach that the study is 
using (Miles and Hurberman, 1994). All the data required for this study was 
collected from statistics centres in Abu Dhabi police, like the traffic statistics branch 
in the Traffic and Patrols Directorate. Also, the questionnaires were applied to the 
samples selected from experts who work both in the private and public sectors in 
Abu Dhabi for the experts‘ questionnaire, while for the second one a sample from 
Abu Dhabi highways drivers was used. 
According to Quinn and Keough (2002), secondary data collection methods refer to 
the ability of the researcher to carry out an analysis of the data that has already been 
prepared by other researchers. This research will use both primary and secondary 
methods to collect data for the study. The primary sources of data will come from the 
questionnaires, a detailed study of the selected highways (before and after model), 
and the focus group used to validate the designed framework. The secondary sources 
will include a review of both published and unpublished literature that is related to 
traffic safety technologies, and all the data and statistics sourced from Abu Dhabi 
police, in addition to the international best practices for the advanced countries to 
compare with the current practice being implemented in Abu Dhabi. 
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4.7  Questionnaires design   
4.7.1 Population and sample selection 
The population of the study will comprise the various people in charge of the 
relationship between the usage of traffic safety technology devices and serious road 
traffic accidents in Abu Dhabi highways. It is important that all members of the study 
population be studied to ascertain the findings of the study. McNeill and Chapman, 
(2005) argue that the process of sampling involves selecting elements from the study 
population so that by carrying out a study of the sample and having an understanding 
of the properties of the characteristics of the subjects of the sample, it will be 
possible to generalize the properties to specific elements in the population.  
Sampling techniques that can be used in any research are many and the researcher 
can choose depending on the aim and objectives of the research. The use of these 
sampling techniques allows a researcher to choose the sample population from a 
subset of a large population rather than the whole population, thus reducing the cost 
of the study.  
Concerning this study, random sampling from the Abu Dhabi licensed driver 
population of 1,151,879 (Abu Dhabi Police, 2013) was chosen for the drivers‘ 
questionnaire because it is a probability method that gives every member of the 
population an equal chance of being selected as a sample. The determination of the 
appropriate sample size for the study utilized a statistical formula that accounts for 
the Confidence Level (CL), a Margin of Error (ME) and a Standard Deviation that is 
desired. The formula is presented below (Blalock, 1960): 
Sample Size = ((Z-Score)²*SD(1-SD))/(ME)² 
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The Z-Score values corresponding to specified CL are obtained from statistical 
tables. Assuming a 99% Confidence Level (with a Z-score of 2.576) and a +/-5% 
Margin of Error with a Standard Deviation (SD) of 0.5, using the below formulae:  
Sample Size = ((2.576)² *0.5(1-0.5))/(0.05)² 
                                
          = 664 
A sample size of 664 drivers was deemed appropriate in this study.  
On the other hand, a selected sample was adopted for the traffic safety experts‘ 
questionnaire. This choice was based on prior knowledge by the researcher of 
members of these samples. A contact list of traffic safety experts working within 
Abu Dhabi for at least five years in both the public and private sectors was obtained. 
A total of 165 experts were contacted by email, explaining the research objective and 
asking them to participate in a survey. Two follow-up email contacts were sent in an 
effort to increase the response rate, and in the end 107 experts participated in the 
survey and represented the sample. 
4.7.2 Survey administration 
The drivers survey administered as part of this study was performed as an ―intercept 
survey‖. This required the interception of drivers, at different locations, while they 
were carrying out different activities. Such locations included Traffic and Patrols 
Directorate, Traffic Engineering Section in Abu Dhabi, Traffic Engineering Branch 
in Al Ain, and ADNOC Petrol Stations in Abu Dhabi city and Al Ain. Drivers‘ 
perceptions were analysed based on rankings and Likert scales with regard to their 
opinion on a number of subjects that were presented in the questionnaire.  
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The experts‘ survey was administered online using Gizmo Survey software. Gizmo 
Survey is a useful online tool for creating and administering surveys as well as 
managing and analyzing data. The survey was administered online to the specific 
sample population. Upon completion of the surveys, each respondent was directed to 
a web page thanking them for their response and offering them a copy of the study 
results if they were interested. Responses to the survey were recorded, exported to a 
spreadsheet, and transferred to a statistical software package for in-depth analysis.  
The drivers‘ survey was conducted during May and June 2014 at multiple locations. 
In total, 800 drivers were surveyed. The answers of the respondents to the 
questionnaire were recorded. After removing the records of respondents who did not 
complete the questionnaire, the final data set contained 672 surveys, which exceeded 
the recommended sample size. Similarly, the experts‘ survey was conducted from 
July to September 2014. And the final data set contained 107 surveys, which was 
considered a good representation of the traffic safety experts in Abu Dhabi. 
4.7.3 Survey validation 
The drivers‘ and experts‘ questionnaires were reviewed and validated before 
distribution by a panel of experts, namely, ten police traffic engineers with more than 
five years‘ experience at the Traffic and Patrols Directorate in Abu Dhabi. Their 
comments and recommendations were taken into consideration for the final 
questionnaires design. The correspondence with the panel is provided in Appendix F. 
4.7.4 Ethical measures 
Ethics are considered to deal with beliefs about what is right or wrong, proper or 
improper, good or bad. Ethics emerge from value conflicts among those in a 
profession. Criteria for research design involve not only the selection of information-
 
Chapter 4 Methodology: Research methodology 
  
 
89 Musallem Al Junaibi, PhD Student, 2013 
 
rich informants and efficient research strategies, but also adherence to research ethics 
(McMillan and Schumacher, 1993). As it was not possible with Gizmo Survey to 
provide an oral explanation of the study, or to take oral consent, all the relevant 
information was given on the email containing the link to the survey. This covered 
the identity of the researcher, contact details, the reason for conducting the survey, 
the uses to be made of the data, and so on. In accordance with the guidelines of the 
University of Wolverhampton, participants were assured of confidentiality and 
anonymity and were asked to participate without physical or psychological coercion. 
Safeguards to protect people‘s identities were put in place and no question asked 
about the identity of the participants. The ethical consideration for a research 
programme application is presented in Appendix G. 
4.7.5 Statistical analysis 
Three types of statistical analysis are employed to analyze and draw conclusions of 
facts from the collected data. Descriptive statistics are used to derive simple 
summaries about the sample and the observations that were made, while inferential 
statistics allow making generalizations about the populations from which the samples 
were drawn. In addition, univariate correlations between the population domains and 
behaviour were performed using Spearman‘s correlation to measure the association 
between a domain and behavioural constructs. For the correlation analyses, the 
effectiveness of traffic safety technologies is a continuous variable and generalized 
linear models are used to compare responses for each question and for each domain. 
Further analysis was done to determine the satisfaction levels with existing traffic 
safety technologies in Abu Dhabi highways and also to examine the direct effects of 
the use of traffic safety technologies on traffic engineering shortfalls, drivers‘ 
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education (driver awareness) and on emergency responses. Furthermore, non-
parametric factor analysis and Friedman tests were used to derive statistical 
inferences between the test variables with a further Wilcoxon signed-ranks test 
employed to determine differences between the variables. The statistical software, 
MINITAB, and Microsoft Excel, are used to analyze the data. 
4.8 Determine the highways with the highest levels of severity to apply the 
before and after model on 
4.8.1 Highways details and classification 
All highways in Abu Dhabi were studied and ranked based on levels of accident 
severity as shown in Table 1, Appendix H. Moreover, the first step taken was to 
search for the classifications of the ADP and DoT in order to select the highway for 
the study, based on specific categories. It was found that the existing practice was to 
classify the most dangerous road with the use of the number of fatalities in each of 
them, without any consideration for other factors (Bell and Morse, 2008; Farr, 2008). 
This made the researcher start a personalised classification where all highways in 
Abu Dhabi were grouped into three categories, namely freeways, other principal 
arterial, and minor arterial. These three classifications were in line with the Highway 
Functional Classification Concepts, Criteria and Procedures produced by the US 
Department of Transportation, Federal Highway Administration (2013 Edition). The 
new classification is presented in Table 2 Appendix H. 
4.8.2  The formula used to determine the most dangerous highways in Abu 
Dhabi 
The following formula was used to rank the level of safety of Abu Dhabi highways 
(Lazda, 2008). 
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where, 
R = rate of highway severity per million vehicle kilometres,  
A = total number of fatalities and injuries per five years in the highway,  
L = length of reviewed highway in km,  
T = reviewed time period (five years),  
V = annual average daily traffic (vehicles per 24h). 
The key data collected was according to the formula applied to determine the most 
dangerous highway from all Abu Dhabi highways, as presented in Table 3, Appendix 
H. Also, a five-year period was used in this research instead of three years as the 
lazda used. This is in alignment with the fact that the Road Safety Strategy in Abu 
Dhabi was designed on a five-year basis. Also, as  there was no significant change in 
the traffic accident patterns and road  safety concerns in Abu Dhabi in the reviewed 
period, the effect from changing the reviewed period from three to five years would 
be minimal. This is evident from the results presented in Tables 4.2 and 4.3, which 
illustrate that the overall rankings based on the formula for (R) were the same for the 
high ranked arterial roads and all freeways for both periods (T=3, and T=5). 
4.8.3 Most dangerous highway of Abu Dhabi minor arterials and freeways 
4.8.3.1  Abu Dhabi minor arterials 
From Table 4.2 and Figure 4.1 below it is evident that Suwaihan is ranked as 
the most dangerous road amongst the minor principal roads, considered with 
an R value of 0.95 based on the formula adopted considering a five-year 
period. This was so regardless of the fact that the highway has a low 
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distance of 62km when compared to other roads considered, such as 
Ghayathi Road and Humaim with 142km and 140km respectively (Garcia, 
2006). Suwaihan has the second highest total number of fatalities and 
injuries per five years, with 485, after Trucks Roads (AD-Al AIN) with 
1065. Furthermore, when compared to other normal routes ―light vehicular 
roads‖, it can certainly be considered as the most risky. However it is quite 
strange to note that the annual average daily traffic (vehicles per 24h) is the 
fifth from last, i.e. 10
th
 out of a total of 15, making Suwaihan a less busy 
road than most of the roads, even though a considerable number of incidents 
occurred on it.  
Table 4.2: Abu Dhabi minor arterial roads considered  
Abu Dhabi Minor Arterial 
Name Road No. L V A* R* Ranking* A** R** Ranking** 
Suwaihan E-20 62 4489 485 0.95 1 
274 0.90 1 
Rodatalerev Palace - 
Suwaihan  E-16 38 2170 72 0.48 2 
32 0.35 2 
Suwaihan - Al Saad E-16 31 4655 87 0.33 3 
51 0.32 3 
Humaim E-65 140 2200 176 0.31 4 
94 0.28 4 
Madinat Zayed-Liwa E-45 47 7328 185 0.29 5 
79 0.21 5 
Humaim-Mazirah E-90 110 3986 174 0.22 6 
96 0.21 6 
Trucks Roads 
(Alfauah-Sih Shuaib) E-75 91 10000 327 0.20 7 
195 0.20 7 
Madinat Zayed New 
Road E-45 52 7468 137 0.19 8 
82 0.19 8 
Al Ain-Al Quaa E-95 94 6756 189 0.16 9 
115 0.17 9 
Al Khadar-Al Shuaib E-55 17 8000 38 0.15 10 
11 0.07 14 
Ghayathi Road E-15 142 7800 310 0.15 10 
157 0.13 11 
Tarif-Madinat Zayed E-45 54.4 5500 78 0.14 11 
53 0.16 10 
Suwaihan - Al Hyar  E-20 58 3414 41 0.11 12 
18 0.08 13 
Trucks Roads (AD-Al 
AIN) E-30 124 56129 1065 0.08 13 
504 0.07 15 
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Trucks Roads (AD-Al 
AIN) E-40 75.8 22160 236 0.08 13 
157 0.09 12 
Al Quaa-Amm Al 
Zmal E-95 100 - 54 - - 
  - 
Razain Road - 150 - 21 - - 
  - 
*. T=5, **.T=3 
Figure 4.1: Chart representing intensity of danger on Abu Dhabi minor arterials 
4.8.3.2 Abu Dhabi freeway 
Table 4.3 and Figure 4.2 illustrate the summary of data collected from the 
Abu Dhabi‘s prominent freeways considered in the study. The International 
Airport Road has the highest R value with 0.36, therefore it is considered as 
the most dangerous. This freeway is considerably busier than others, with 
high annual average daily traffic (80,342) on a somewhat short route of 
13km. Other routes, such as Abu Dhabi - Al Ghuwaifat and Abu Dhabi - Al 
Ain are both longer (344km and 131.5km respectively) but less busy than 
the International Airport Road (34,711 and 48,974 annual average daily 
traffic respectively) (Van der Ryn, 2000). 
 
 
 
 
Chapter 4 Methodology: Research methodology 
  
 
94 Musallem Al Junaibi, PhD Student, 2013 
 
Table 4.3: Abu Dhabi freeways considered 
Abu Dhabi Freeway    
Name Road No. L V A* R* Ranking* A** R** Ranking** 
International 
Airport Road E-20 13 80342 692 0.36 1 285 0.25 1 
Abu Dhabi - 
Dubai 2 E-10 25 42000 490 0.26 2 247 0.21 2 
Al Ain - Dubai 
1 E-66 18 18939 125 0.20 3 76 0.20 3 
Abu Dhabi - 
Dubai 1 E-11 76 88000 2170 0.18 4 1167 0.16 4 
Abu Dhabi - Al 
Ain E-22 131.5 48974 1782 0.15 5 1064 0.15 5 
Al Ain - Dubai 
2 E-66 45 27828 260 0.11 6 150 0.11 6 
Abu Dhabi - Al 
Ghuwaifat E-11 344 34711 2220 0.10 7 1056 0.08 7 
Abu Dhabi - 
Dubai 3 E-12 32 40567 92 0.04 8 58 0.04 8 
Al Ain - 
Mzeed E-66 22 30020 21 0.02 9 11 0.02 9 
*. T=5, **.T=3 
 
Based on the rankings presented above, Suwaihan and the international Airport Road 
have been selected for the analysis and for investigating the association between 
traffic safety technologies in highways in both accident frequency and severity.  
Figure 4.2: Chart showing ranking based on level of danger on Abu Dhabi freeways 
For the selected minor arterial road (Suwaihan; length = 62km), nine speed cameras 
were installed in 2003 with commencement of operation in 2004, and another six 
speed cameras were installed in 2009 with operation starting in 2010. Meanwhile the 
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freeway (International Airport Road, length = 13km) had two speed cameras 
installed in 2003 with full operation commencing in 2004, and one camera installed 
in 2009 with operation commencing in 2010. According to the above it would be 
seen that traffic safety devices were introduced at different times starting from 2003.  
The “Before-After Control Study” would be used to determine the effect of 
cameras installed at the two locations. For the purpose of this research, the data 
collected has been grouped as illustrated in Figure 4.3 below. The use of the ‗before-
after method‘ will evaluate the effect of the newly-installed cameras, and determine 
their effectiveness as a speed limit enforcement tool. 
Figure 4.3: Speed cameras commencing operation in 2004, and 2010- before and 
after control 
4.9 Research design for the decision support framework  
As can be seen in Figure 4.4 below, the formulation process of the design framework 
went through five major steps. These five steps were identification of safety factors 
and traffic safety technologies, identification of underlying relations, designing a 
comprehensive framework, adapting to Abu Dhabi highway, and validating the 
design framework.  
The first step integrates the performance factors of the founding frameworks into one 
set of factors, including legislation and enforcement, engineering, education, vehicle 
and driver safety, and emergency responses, in addition to identifying of the 
advanced technologies to prevent serious road traffic accidents, policies and new 
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directions, road user behaviour, and  infrastructure safety assessment and emergency 
management.  
The subsequent step identifies the underlying relationships between the performance 
factors. The results of the drivers‘ and experts‘ surveys into the relationship between 
the use of traffic safety technologies and driver behaviour, and examining the direct 
effects of the use of traffic safety technologies on other traffic safety dimensions 
within Abu Dhabi highways, were the basis of this step. This is in addition to 
developing the association between traffic safety technologies in the highways in 
both accident frequency and accident severity. The outcome of this step was the 
arrangement of the performance of the different traffic safety technologies and their 
relation on driver behaviour, the effect of them on the different traffic safety 
dimensions, and their result in practice in regard to accident frequency and severity.  
The third step of formulation is to design a comprehensiveness framework to advise 
the regional safety strategy to be sustainable. The outcome of this step was the 
development of the new traffic safety technologies framework that can work 
perfectly with existing subsystems that are already in use in Abu Dhabi highways. 
The adaptation of the design framework to Abu Dhabi highways was evaluated in the 
fourth step of formulation. Adaptation was based on previous applications and 
adjustments of the designing frameworks when applied practice through the 
implementation of the system on an Excel spreadsheet model, in addition to literature 
on the subject. Furthermore, the framework was checked by many traffic safety 
experts. 
The fifth and final step of formulation is to validate the design framework. 
Validation was based on the use of focus group research design, which was a panel 
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of traffic safety experts and professionals in traffic safety in Abu Dhabi. The issue 
that was to be addressed from the perspective of the experts was the use of a decision 
support framework for the deployment of traffic safety technologies that could help 
to improve the traffic safety level in Abu Dhabi highways, and could be used to 
advise the regional safety strategy to be sustainable. 
Once each of these steps was completed, and as the systems thinking approach 
informed the requirement that the framework should have, the resulting framework 
and its components were given as in Figure 8.2 in Chapter 8.  
Figure 4.4: The Framework Formulation Process 
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4.10 Research design for validating the decision support framework  
4.10.1  Research instrument  
As part of ensuring that the validation process was well synchronised and systematic, 
the researcher used a specific research design in performing it. This was done by the 
use of focus group research design. As noted by Hart (2008), focus group is a type of 
qualitative research method where the researcher identifies a group of people within 
a research setting from whom data can be collected based on a peculiar characteristic 
common to all these people. The selection of a focus group meant that the views, 
opinions and judgments of the respondents was going to be taken as the outcome of 
the group and acted upon on behalf of the entire group, instead of acting on 
individual outcomes from the respondents. A panel of experts, namely, ten traffic 
safety engineers with more than 10 years‘ experience in a professional line of work 
in traffic safety in Abu Dhabi were identified to be a sample for this focus group. The 
issue that was to be addressed from the perspective of the experts was that the use of 
a decision support framework for the deployment of traffic safety technologies could 
help to improve the traffic safety level in Abu Dhabi highways, and could be used to 
advise the regional safety strategy to be sustainable. 
The focus group was carried out in the form of an expert panel, which was 
qualitative in nature. Using the expert panel corresponded directly to the overall 
approach used in undertaking a focus group, because the panel was engaged in a 
collective manner rather than individually. Given the fact that the focus group was 
used for the purpose of validating the framework, it was necessary to collect data that 
was based on human judgment and not just the representation of variables and 
concepts with numbers. This was therefore another reason for selecting a qualitative 
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research method over a quantitative one. The outcome of the validation process from 
the focus group was considered as reliable. The reason for this is that the people 
engaged in the focus group was a group of experts who had several years of 
experience in the area of traffic safety and traffic safety technologies. What is more, 
the opinions, judgments and assessments of the experts on the framework which was 
used in validating the framework was considered to be the outcome of a group, 
meaning that the validation was not based on the interests of only a few people. On 
the flip side, the focus group had its own limitations. For example, because the 
researcher had to engage the respondents as a group and serve their interests 
together, and to manage them easily, it became very challenging to use a very large 
number of respondents. This was the main reason that influenced the decision to use 
a sample size of 10.  
The validation of the framework was done by the use of prepared questions (a 
structured questionnaire). This means that the questionnaire served as the major data 
collection instrument in the focus group. It is important to admit that most focus 
groups take place with the use of observation, stakeholder analysis and interviews, 
but using a questionnaire is also not out of place (Blaxter, Hughes and Tight, 2001). 
Clifford and Clark (2004) admonished that when a questionnaire is used as an 
instrument in a focus group, it is always important to structure the questions in such a 
way that can embody the perceptions, opinions and beliefs of the group towards the 
concept being investigated. With this idea in mind, the questions were constructed on 
the questionnaire focused on how the panel would assess the overall effectiveness of 
the framework in achieving its goal. One major advantage that was derived from the 
use of the questionnaire was that it enabled the researcher to have a real measure of 
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the assessment of the framework and the model. By so doing, the researcher could 
know how the framework was either validated or rejected based on specific 
variables. For each of these, the questions were rated in a Likert scale, making it 
possible to measure the level of validation from respondents. There was also one exit 
question to ensure that nothing was missed and to close the discussion. The 
questionnaire used has been attached to the study as an Appendix (I).  
4.10.2  Data collection procedure  
The implementation of the focus group research design was carried out in a manner 
that embraced all specifications known in the literature for such a design (Morgan, 
1998). For example, the researcher ensured that the panel was engaged as a group 
and not individual respondents. The researcher noted that using the questionnaire 
alone was going to make it difficult for this to be achieved. This is because the 
questionnaire was distributed on an individual basis to the respondents. This means 
that each of the 10 safety traffic experts responded to the questionnaire or validated 
the questionnaire based on their personal opinions, beliefs and experience. This 
limitation was supplemented by introducing a discussion component of the focus 
group. That is, the researcher first distributed the questionnaire to the respondents. It 
was agreed among the respondents that each person would have a maximum of five 
working days within which to complete the questionnaire and submit it to the 
researcher. The submission was done personally when the researcher met each 
respondent and gave them the questionnaire.  
After the five working days, a 100% turnout was achieved as the researcher again 
went to each respondent to collect the completed forms. The forms were then 
analysed by looking at the rating that each respondent gave to each set of questions. 
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Through the analysis, it was possible to see how many respondents disagreed, 
somewhat disagreed, neither agreed not disagreed, somewhat agreed, and agreed 
with the variables that were presented in the questions on the questionnaire. Once the 
analysis was completed, a panel discussion was organised to discuss the overall 
outcome. That is, the discussion aimed to discuss the overall outcome of the 
questionnaire rather than the outcome that each person produced as an individual. 
Doing this ensured that the goal of a focus group, which is to collect data in the form 
of a group rather than individually, was achieved (Saunders, Lewis and Thornhill, 
2003). To enhance the validation process, the researcher ensured that the questions 
from the discussion were asked in an interactive group setting where the opinions, 
beliefs and evaluations of each respondent were taken seriously. The discussion also 
presented an opportunity where each person had the opportunity to freely talk and 
express themselves with other group members. 
4.10.3  Reliability and validation  
The questionnaire that was prepared was tested for its reliability and validity. 
Reliability was tested to ensure that the instrument could be endorsed as being stable 
to produce consistent results. Validity, on the other hand, was used to measure the 
degree to which the instrument was collecting data which it was designed to collect. 
Validity was the first process carried out as the researcher used a pilot study to 
ascertain how well the questionnaire could serve the purpose of validating the 
framework. The pilot study involved a group of colleagues whose responses were not 
factored in the final validation process but were considered necessary in decision-
making on whether or not additional items were needed on the questionnaire and 
whether some of the items had to be excluded. Among the pilot group, the researcher 
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used test-retest reliability to know how reliable the instrument was. This was done by 
administering the same test twice over a period of time to the same group of 
individuals. 
4.10.4  Ethical considerations  
Because of the human involvement in the study, it was very important that the 
researcher ensured that ethical procedures are followed. As a result of this, the 
researcher followed some specific ethical considerations. In the first place, the 
researcher presented an official permission letter to the office of the Department of 
Traffic Safety Engineers. The engineers were made aware of the purpose of the study 
and why it was important that they participate in it. Second, the researcher ensured 
that participation was absolutely voluntarily and without any compulsion. This 
means that respondents were free to enter and exit the study at any point they found 
convenient. Having done this, the actual data collection exercise involving the use of 
the questionnaire was anonymous and confidential. This is because respondents were 
not made to write their names or any form of personal identity on the questionnaire. 
The questionnaire was also answered in private. Even at the panel discussion, the 
outcomes were discussed collectively rather than individually. 
4.11 Conclusion 
This chapter provided a clear picture of the thesis design, matching between the 
research objectives and the methods used, information on the population and sample, 
data collection methods, and statistical analysis. The overall approach in exploring 
this study is mixed methodologies, which combines quantitative and qualitative 
methods. A questionnaire is one of the methods that is used in this regard and is 
designed to be quantitative. In the quantitative method, a before and after model is 
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used to develop the association between traffic safety technologies in the highways 
and both accident frequency and accident severity. Determining the highways with 
the highest levels of severity to apply the before and after model on was discussed. 
Also, validating the design framework through Abu Dhabi highways using the focus 
group method is used, which was qualitative in nature.  
Moreover, this chapter covered the research design for the decision support 
framework. This chapter also includes a discussion on the ethical considerations, 
reliability and validity of the research. The results of the research are presented in 
Chapters 5, 6, 7, 8, and 9. 
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CHAPTER FIVE: 
Analysis and Discussion 
5 Perceptions of drivers on the relationship between the use of traffic safety 
technologies and driver attitudes and behaviour in Abu Dhabi highways  
5. 1  Introduction 
This chapter summarizes the results of the driver survey into the relationship 
between the use of traffic safety technologies and driver attitudes and behaviour, 
within Abu Dhabi highways. This chapter provides a detailed analysis of the driver 
responses to the questionnaire questions. The aim of this questionnaire is to seek Abu 
Dhabi Emirate highways users' views on traffic safety technologies. This 
questionnaire is part of a research on the relationship between the use of traffic safety 
technologies and serious road traffic accidents in Abu Dhabi Emirate highways. 
Traffic safety technologies refer to systems such as speed cameras, electronic 
signboards on highways, low visibility motorist warning systems, intelligent speed 
assistance, GPS, and adaptive cruise control. The questions focus on the 
investigation of the relationship between the usage of traffic safety technologies and 
driver behaviour. Findings are presented under the research themes which focus on 
the effectiveness of the use of enforcement technologies, drivers‘ compliance to 
speed limits, impact of adverse weather conditions, and how technologies can deter 
traffic offences. The analysis subsequently forms the basis for recommendations in 
response to the research problem statement. 
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5. 2  Demographic profile of drivers 
A total of 672 surveys – which exceeded the predetermined sample size – were 
completed. The demographic information of the respondents is provided in Table 
5.1. 
Table 5.1: Demographic Profile of Drivers 
Group Attribute Number (N) Percentage (%) 
Gender 
Male 544 80.95 
Female 128 19.05 
Age 
18-21 29 4.32 
22-30 216 32.14 
31-45 338 50.30 
46-60 83 12.35 
Above 60 6 0.89 
Nationality 
UAE 389 57.89 
Arab countries 126 18.75 
Europeans 50 7.44 
Asian countries 94 13.99 
Others 13 1.93 
Education Level 
Primary 2 0.30 
Intermediate 16 2.38 
Secondary 153 22.77 
Undergraduate 338 50.30 
Master‘s 140 20.83 
PhD 23 3.42 
Work Status 
Student 42 6.25 
Employed 557 82.89 
Self-employed 45 6.70 
Unemployed 23 3.42 
Retired 5 0.74 
 
 
A number of important observations are derived from the driver demographic profile. 
1. The distribution of drivers amongst nationalities is fairly even and 
representative, with UAE drivers constituting a majority; 
2. The majority of drivers are male and are within the age bracket of 31-45; 
3. Most drivers are well educated with a majority having attained undergraduate 
and above education levels; and 
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4. Old and retired drivers constitute a very small driver population. 
5. 3  Driver attitudes and behaviour 
This section questioned the respondents‘ driving habits and considered aspects of 
frequency of use of highways, speeding, violations, compliance, response to low 
visibility and use of technologies. 
5 .3. 1 Frequency of violations 
As shown in Figure 5.1, a high percentage of respondents (35.7%) use the Emirate 
highways on a daily basis, while only 4% of the respondents indicated that they don‘t 
use the highways. The frequency of committing traffic violations was investigated 
and the study found out that the frequency is relatively high amongst the highways 
commuters, with a majority of respondents committing at least a single violation 
within a year.  
 
Figure 5.1: Highway commuter frequency 
As presented in Figure 5.2, many drivers commit between 2-5 violations per year. 
Similarly, as shown in Figure 5.3, many of the respondents indicated that they 
commit many speed-related violations compared to other serious violations. It should 
Daily, 35.7% 
3-4 times per 
week, 19.2% 
1-2 times per 
week, 14.0% 
3-4 times per 
month, 12.9% 
1 time per 
month, 12.4% 
Never, 4.0% 
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be noted that an equally significantly high percentage of drivers (36.3%) never 
commit any speed-related violations. 
There was a marked response to the frequency of violations when viewed in terms of 
the education level of drivers, with a majority of those with intermediate level of 
education (53%) committing 2-5 violations per year, 39% with secondary, moreover 
undergraduate, master‘s degree and PhDs between 30% and 33%. A similar pattern 
was also noted amongst those who commit at least one violation annually, with up to 
intermediate (29%), secondary (24.5%), undergraduate (29%), master‘s (22%) and 
PhD (13%), in disaggregated terms for each level of education. On the other hand, 
for the PhD holders, 48% did not commit any violation. It should be noted that while 
none of the intermediate level committed more than five violations, none of the PhD 
holders committed more than 10 violations. 
 
 
Figure 5.2: Frequency of violations 
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Figure 5.3: Annual frequency of speed-related violations 
Comparatively, over the past three years, many drivers (83.1%) did not commit 
serious traffic violations (locked violations) singly. In terms of frequency of 
violations and age, the study found that 14% of younger drivers (18-21 years) 
commit 2-5 serious traffic violations (locked violations), while none of them 
committed more than five serious violations. Also none of more than 60 years 
committed any locked violations. 
 
Figure 5.4: Frequency of serious traffic violations in the last three years 
36.3% 
25.4% 
27.1% 
6.8% 
4.2% 
0.0%
5.0%
10.0%
15.0%
20.0%
25.0%
30.0%
35.0%
40.0%
None 1Violation 2-5
Violations
6-10
Violations
More than 10
Violations
69% 
81% 
85% 83% 
100% 
83% 
17% 
8% 9% 9% 
9% 
14% 7% 2% 7% 5% 3% 1% 2% 
0%
10%
20%
30%
40%
50%
60%
70%
80%
90%
100%
18-21 Years 22-30 Years 31-45 Years 46-60 Years More than 60
Years
All
None 1 Violation 2-5 Violations 6-10 Violations More than 10 Violations
 
Chapter 5 Analysis and discussion: Drivers' perceptions 
  
 
119 Musallem Al Junaibi, PhD Student, 2013 
 
5 .3. 2 Speeding violations 
The study found out (Figure 5.5) that speeding is prevalent amongst drivers, with 
23.8% having exceeded the speed limits by more than 60km/h in the last three years. 
When questioned on their chances of exceeding the enforcement speed limit of 
140km/h, and as shown in Figure 5.6, only 2.3% did admit that they always exceed, 
while a considerable number (6.0%) often exceed the limit. A significant percentage 
of respondents (73.0%) never exceed the enforcement speed limit. This is identical 
with what happened in Ontario, where a one-year ASE pilot programme minimized 
the number of cars exceeding the speed limit by 50%. The number of cars moving at 
more than 40km/hr over the speed limit was reduced by 74%. Also, in Australia, 
after the automated speed enforcement system was implemented, the percentage of 
traffic exceeding the speed threshold for enforcement fell from about 11% to 2.4% 
(Edwards, 2001). 
On the other hand, the driver compliance levels also varied significantly with the 
nationality, with a higher percentage of Europeans (89%) showing compliance, 
followed by Asian countries (74%) with Arab countries and UAE nationals show the 
least compliance at 32% and 27% respectively. 
 
 
Figure 5.5: Frequency of speed by more than 60km/hr-related violations 
 in the last three years 
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Figure 5.6: Frequency of exceeding the enforcement speed limit 
5 .3. 3 Influence of weather conditions 
The study found out that weather conditions do influence driver behaviour with 
regard to speeding, as shown in Figure 5.7. 
 
Figure 5.7: Reduce speeding under low visibility 
In response to low visibility conditions, drivers take varied actions as presented in 
Figure 5.8. A significant 27% take a wrong action (use warning signals). The 
variation was significant in terms of gender with the female gender (87%) indicating 
that they always reduce their speeds during conditions of low visibility compared to 
males (62%). 
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Figure 5.8: Driver actions under low visibility 
5 .3. 4 Use of car safety technologies 
As shown in Figure 5.9, the use of car safety technologies varied considerably 
amongst drivers with a significant proportion (26.6% and 29.7%) who always and 
often use the technologies respectively.  
 
Figure 5.9: Drivers‘ use of car safety technologies   
5. 4  Use of enforcement technologies 
This section provides driver opinions on the use and effectiveness of enforcement 
technologies along the Emirate highways.  
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5.4. 1  Chance of getting a ticket 
Further, as shown in Figure 5.10, a significant proportion of the respondents (72.3%) 
indicated that it is very likely to completely likely to get a speeding citation in Abu 
Dhabi Highways if exceeding the enforcement speed limit. 
 
Figure 5.10: Likelihood of getting a speed limit violation for excessive speed 
5.4. 2 Effectiveness and purpose of speed cameras technologies 
However, a significant number of respondents (40.3%) agreed that the use of speed 
cameras have a potential of reducing the number of serious accidents with another 
25.5% strongly agreeing, as presented in Figure 5.11. Interestingly, and as shown in 
Figure 5.12, there were a majority of drivers who were of a strong opinion that speed 
cameras are only meant to collect fines from them rather than reducing road 
accidents, with 40.3% and 43.9% strongly agreeing and agreeing respectively, while 
10.9% of drivers were neutral. 
Figure 5.11: Effectiveness of speed cameras on accidents 
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Figure 5.12: Is the purpose of speed cameras to collect fines from drivers? 
5.4. 3  Effectiveness and relevance of enforcement technologies 
The driver‘s responses on the effectiveness or relevance of enforcement technologies 
in managing accidents received varied outcomes in relation to managing accident 
frequency and severity. In terms of their relevance in managing accident frequencies, 
29.8% of drivers were of the opinion that they are very relevant. Moreover, 17.4% 
and 23.1% of drivers were of the opinion that technologies are not relevant and 
minimally relevant respectively in managing accident frequency. Similarly, a 
significant number of drivers (38.4%) were of the opinion that technologies are very 
relevant in reducing the severity of accidents. Only 18.2% indicated that speed 
cameras are not relevant in reducing the severity of accidents. These findings are 
shown in Figures 5.13a and 5.13b.  
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5.4. 4  Visibility of information related to  traffic safety and warning signs 
Apparently, and as shown in Figure 5.14, a significant number of drivers (33.4%) 
did admit that they have not read, seen or heard any information related to traffic 
safety technologies in the last 60 days.  
 
Figure 5.14: Driver exposure to traffic technologies 
As provided in Figure 5.15, drivers gave varied opinions about the likelihood of 
seeing warning signs for speed cameras along the highways in Abu Dhabi. The level 
of likeliness also varied significantly with education level. For the undergraduate 
category, 61% were very likely and completely likely, 27% were moderately likely 
and 18% were slightly likely and not at all likely to be able to see speed camera 
warning signs in Abu Dhabi Highways. On the other hand, for master‘s and PhD 
holders, 39% were moderately, slightly, and not at all likely to be able to see speed 
camera warning signs in Abu Dhabi Highways. Finally, for those with secondary and 
intermediate education levels, 39% and 30% were moderately, slightly, and not at all 
likely to be able to see speed camera warning signs in Abu Dhabi Highways. 
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Figure 5.15: Likelihood of seeing the warning signs for speed camera 
Driver responses as to whether warning signs for speed cameras on highways should 
be installed received mixed and varied reactions. As shown in Figure 5.16, 57.5% of 
drivers had a view that it is very to extremely important to have speed camera 
warning signs on the highways. 
 
Figure 5.16: Importance of warning signs for speed cameras 
5.4. 5 Efficiency of enforcement technologies 
A significant number of drivers (60.2%) as shown in Figure 5.17 believed that 
enforcement technologies were sufficient to very sufficient along Abu Dhabi 
highways with a considerable 28.9% of drivers thinking that they are extremely 
sufficient.  
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Figure 5.17: Efficiency of enforcement technologies 
5.4. 6   Support the use of traffic safety technologies 
As presented in Figure 5.18, the driver‘s support of the use of enforcement 
technologies, given the fact that there are clear effects of the enforcement 
technologies in the reduction of serious accidents and fatalities, varied with 50% 
strongly agreeing and 25% agreeing. Those who strongly disagreed and disagreed, 
7%, were less than those who were positive concerning the effectiveness of the 
technologies in reducing the number of serious accidents. The results were identical 
with comments from Elivk and Vaa (2004) that speed cameras in the United States 
helped to reduce the total number of all road crashes by 19%. However, in terms of 
gender, females were marginally more in agreement than males, at 80% and 74% 
respectively. However, many more male (19%) than females (17%) remained 
neutral. 
 
Figure 5.18: Support the use of enforcement technologies by the police 
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Further, as presented in Figure 5.19, most drivers (82.8%) agreed and strongly 
agreed the use of the different types of car safety systems, such as intelligent speed 
assistance (ISA), global positioning system (GPS), adaptive cruise control system 
(ACC), and anti-locking braking system (ABS) in reducing the number of serious 
road accidents (accidents with fatalities and serious injuries).  
 
Figure 5.19: Support for use of the different types of car safety systems 
However, the general support for the use of enforcement technologies as presented in 
Figure 5.20 on Abu Dhabi highways differed amongst drivers, with 50.7% and 
36.2% of the drivers respectively in strong agreement and agreement.  
 
Figure 5.20: Support for use of enforcement technologies 
5. 5    Traffic safety technologies influence on driver speeding behaviour 
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The influence of enforcement technologies on driver speeding behaviour was 
assessed and the survey gave varied responses. As presented in Figure 5.21, 85.6% 
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increase their compliance to speed limits. This was supported by findings in Ontario, 
where a one-year automated speed enforcement pilot programme minimized the 
number of cars exceeding the speed limit by 50% (Edwards, 2001).  
 
Figure 5.21: Influence of enforcement technologies on speeding 
Further, as shown in Figure 5.22, the likelihood that the presence of a speed camera 
will deter drivers from speeding gave mixed responses. 69.0% of drivers believed 
that it is very likely to completely likely that the presence of speed cameras will deter 
speeding. That agrees with what was noted by Goldenbeld and Schagen (2005), that 
the number of speeding tickets has decreased as offenders have become easier to 
track in France, while at the end of August 2007, fixed cameras and mobile cameras 
were installed. In terms of behaviour deterrence, there was a marked variation in 
terms of age, gender and nationality. The older drivers (above 46 years of age) were 
more likely to change their behaviour (76%) than those between 18 and 21 years of 
age (33%). Further, those between 31 and 45 years were more likely to change their 
behaviour (67%) than those in the 22-30 age group (46%). On the other hand, the 
level of deterrence also varied with nationality. The Europeans showed greater 
likelihood (86%) than the rest of the other nations, followed by Asians (80%), Arab 
countries (77%), UAE nationals (64%) and others (50%). 
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Figure 5.22: Likelihood of deterring from exceeding the speed limit by the presence 
of a speed camera on the highway 
As presented in Figures 5.23a and 5.23b, the drivers‘ responses on the effect of 
traffic safety technologies received varied outcomes in relation to their influence on 
drivers‘ compliance to traffic calming and changing speed limits as instructed. 
Further, more females (55%) than males (45%) were of the opinion that traffic safety 
technologies have a very great effect on influencing drivers‘ compliance to changes 
in speed limits. However, more males (62%) than females (38%) indicated that they 
have low to very low effects on influencing drivers‘ compliance to speed limits. 
There was a marginal difference between females (54%) and males (46%) who 
believed that traffic safety technologies have moderate impacts on influencing 
drivers‘ compliance to speed limit change instructions. It is suitable to review the 
results of a questionnaire survey which was conducted on 3002 drivers by Cestac et 
al. (2010), while women had a slightly lesser intention to speed than did men. The 
impact of self-description variables had a greater impact on women‘s intention, 
whereas impression seeking and injunctive norms was stronger on men‘s intention to 
speed. 
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           Figure 5.23a: Drivers‘ compliance                Figure 5.23b: Drivers‘ compliance  
           to traffic calming                                               to change speed limit 
However, as shown in Figure 5.24, the use of variable message signs (VMS) was 
found to have a greater influence on drivers‘ compliance to maintaining speed limits 
along the Emirate highways. 
 
Figure 5.24: Effectiveness of variable message signs  
Additionally, in determining whether hidden or unhidden are more effective in 
increasing drivers‘ compliance to speed limits, 46.3% of drivers favoured unhidden 
cameras. The study findings are presented in Figure 5.25. 
 
Figure 5.25: Effect of hidden and unhidden speed cameras on drivers' compliance to 
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The survey also found out that reducing the distance between the speed cameras has 
a higher potential in increasing driver compliance to speed limits along the highways, 
as presented in Figure 5.26. Moreover, males (63%) were happier with the reduction 
of distances between speed cameras to increase the driver‘s compliance to speed 
limit than females (57%). However, there was a significant variation in terms of 
nationality, with more Europeans (75%) than all other nationalities. This was 
followed by Asians (64%), others (52%), Arab countries (43%) and the UAE 
nationals (32%). 
 
Figure 5.26: Likelihood of increasing compliance to speed limit by reduce 
distance between speed cameras 
5. 6 Traffic safety technologies effect in adverse weather conditions  
As shown in Figures 5.27a, 5.27b, and 5.27c, the survey revealed that adverse 
weather conditions do regularly occur along the Emirate highways, with 58.8% of 
drivers agreeing to strongly agreeing with the survey question asserting that adverse 
weather conditions are a regular phenomenon in Abu Dhabi highways. Additionally, 
the general support for the use of traffic safety technologies to mitigate the impacts 
of adverse weather conditions in Abu Dhabi highways differed amongst drivers, with 
13.4% and 35.1% of drivers respectively in strong agreement and agreement. 
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Further, the survey found out that drivers were generally satisfied to strongly 
satisfied (46.2%) with the current efforts in the use of traffic safety technologies to 
mitigate the impact of adverse weather conditions on the safety of highways in Abu 
Dhabi.  
 
Figure 5.27a: Regularity of adverse 
weather conditions phenomenon in 
Abu Dhabi highways 
 
Figure 5.27b: Support the use of traffic 
safety technologies to mitigate the 
impact of adverse weather conditions 
on the safety of highways in Abu 
Dhabi 
 
Figure 5.27c: Satisfaction with the 
current efforts in the use of traffic 
safety technologies to mitigate the 
impact of adverse weather conditions 
on the safety of highways in Abu 
Dhabi 
Under low visibility conditions due to fog and dust along Abu Dhabi highways, 
drivers gave varied opinions with regard to the effectiveness of weather management 
technologies such as low visibility motorist warning systems in addressing driver 
errors, as shown in Figure 5.28. The finding here is in line with the best practices 
shown in Chapter 3 (3.2.3 Weather management technologies). 
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Figure 5.28: Effectiveness of weather management technologies  
The impacts of various technologies on mitigating the impacts of adverse weather 
conditions on road safety performance of Abu Dhabi highways were varied and 
almost evenly split. In terms of high to very high impacts, and as presented in 
Figures 5.29 a, b, c, d, e and f, additional conventional enforcement led at 56.5%, 
followed by traffic calming enforcement technologies at 51.6%, changing speed limit 
enforcement technologies (50.9%), more education at 50.5%, more variable signs at 
49.8%, and sending live information at 49.1%. There was a marked variation in 
speed reduction based on gender as more females (92%) were more likely to reduce 
their speeds than male counterparts (52%). 
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Figure 5.29: Impacts of weather management tools 
5. 7 Traffic safety technologies and deterrence of traffic offences 
The extent of effects of the use of enforcement technologies on the subject attributes 
varied considerably amongst drivers. As provided in Figures 5.30 a, b, c and d, a 
significant driver population had the view that technologies had strong relevance in 
affecting a number of driver behaviours with effect on compliance to the traffic laws 
(88.8%), reckless driving (84.4%), driving under the influence of alcohol (84.0%), 
driving under the influence of fatigue and sleepiness (83.0%).  
  
  
Figure 5.30a: Compliance with traffic laws Figure 5.30b: Not driving recklessly 
  
Figure 5.30c: Driving under the influence of 
alcohol or drugs 
Figure 5.30d: Driving under the influence of 
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Figure 5.30: Effectiveness of enforcement technologies on some driver behaviour 
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Drivers gave various opinions with regard to the effects of a number of measures on 
reckless driving. As shown in Figures 5.31 a, b, c, d, e and f, additional 
conventional enforcement (such as intensified patrols on the roads) and new 
enforcement technologies (such as speed cameras and VMS) had the highest effects 
in addressing reckless driving respectively at 71.7% and 65.4%, followed by 
lowering speed limits and additional drivers‘ training with a tie at 63.9%, more 
CCTV use (63.6%) and new vehicle safety technologies (61.6%). However, the order 
with regard to those with very low impact was as follows; new vehicle safety 
technologies (7.3%), additional driver training (6.8%), lowering speed limits (6.7%), 
more CCTV use (6.4%), new enforcement technologies at 6.0%, and additional 
conventional enforcement (such as intensified patrols in the roads) respectively at 
2.8%. 
The results of additional training are confirmed with an Australian study, in which 
Christie (2001) assessed the international literature on the efficacy of driver training 
as a part of road safety. His review indicated that for learner drivers, the pre-license 
education does not assist post-licence reductions in crashes. Also no drivers care 
much about campaigns to raise awareness against the traffic dangers. The reason 
behind this is due to the styles of such campaigns, which often address the driver or 
road user in an ordering style (do this to avoid this) without including enough 
persuasion, grading in language of communication, or specifying the target group to 
receive the message. 
In terms of driver nationality, and with regard to the effectiveness of additional 
conventional enforcement, for those who viewed them as having very high effects, 
42% comprised of Asian countries, 31% Arab countries, 21% UAE and 6% 
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Europeans and others. For new enforcement technologies, the figures were 34% of 
Europeans, 26% Asian countries, 21% Arab countries, 15% UAE and others at 2%. 
Finally, for additional driver training, 36% were Europeans, 29% Asian countries, 
18% Arab countries, 12% UAE and others at 5%. 
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Figure 5.31: Effectiveness of different enforcement tools on reckless driving 
The deployment of enforcement cameras on the highways was found to have 
significant effects on driver behaviour. In order of the likeliness and as shown in 
Figures 5.32 a-h, most drivers will desist from sudden lane change (36.6%), desist 
overtaking in a wrong way (31.4%), keep a safe distance from the leading vehicle 
(30.0%), fasten seat belt (29.5%), avoid driving dangerously (racing, reckless 
driving, driving causing danger to others, and sudden swerves) (29.3%), avoid using 
hand-held mobile phone (29.6%) and drive below the minimum speed limit (27.7%). 
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Figure 5.32: Effectiveness of traffic safety technologies on some driver behaviour 
The extent to which traffic safety technologies sufficiently deter drivers from 
committing traffic offences received mixed reactions from drivers, as shown in 
Figure 5.33, while more than 91% of drivers believed that they were sufficient, very 
sufficient, and extremely sufficient.  
 
Figure 5.33: Sufficiency of traffic safety technologies for deterring drivers on Abu 
Dhabi highways 
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On the other hand, the survey revealed (Figure 5.34) that the existing 
technologies are very likely to completely likely (86.4%) to deter drivers from 
committing traffic offences.  
 
Figure 5.34: Likelihood of deterring traffic offences by the existing technologies 
5. 8  Analytical inference 
The context of the analytical inference from the study is focused on key areas under 
investigation. 
5.8.1  Driver attitudes and behaviour 
The study revealed that there was a strong significant correlation between driver 
attitude and behaviour and the use of enforcement technologies and population 
characteristics of age, education level, and nationality. Nationality (r=0.62; p<0.005) 
and age (r=0.74; p<0.005) had strong positive correlations in determining the 
disposal practice. Young drivers are technologically savvy more than aged drivers 
and are very much aware of the various types of enforcement technologies, however, 
the education level did not present any strong correlation on attitude and behaviour 
(r= 0.42; p<0.005).  
It should also be noted that European drivers were more aware of the traffic 
enforcement than the Arab counterparts and the Asian drivers. Similarly, the level of 
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education of drivers influence their knowledge and use of enforcement technologies 
as the analysis revealed that the drivers with graduate and above levels so have more 
knowledge than those with primary levels of education.  
The study found out that drivers‘ awareness and knowledge of enforcement 
technologies is strong amongst European drivers (87%), however not amongst the 
Asian (54%) and Arab drivers (47%). This is attributed to levels of road safety and 
traffic enforcement levels in Europe being quite advanced. While cars are 
increasingly being equipped with new technologies, the in-car traffic safety 
technologies which are aimed at increasing or assuring drivers‘ compliance with 
traffic laws are also not common in many Abu Dhabi vehicles.  
5.8.2  Drivers‟ opinions on the use of enforcement technologies 
Besides gender differences, the statistical results of the study indicate significant age 
effect on the frequency of violations. Results of the frequency of violations of traffic 
rules with age groups showed there were significant differences (r=0.52; p<0.005) in 
violation behaviour towards traffic rules between age groups. Comparisons 
confirmed the youngest age group of drivers (18-21 age groups, r=0.78; p<0.005) 
showed significant difference in violation of traffic rules with all other groups. This 
group was highest in violation behaviour towards traffic rules. The present 
investigation showed that the youngest age group of drivers (18-21 age groups) was 
higher in violation of traffic rules. 
Findings show aged drivers with more experience in driving have low propensities 
for violation of traffic rule. The results were matched with a questionnaire survey 
which was conducted on 3002 drivers by Cestac et al. (2010) in France, which 
showed that the perceived behaviour which had the greatest impact among the more 
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experienced drivers. Moreover, the result shows that the moderately educated were 
higher in violation behaviour. International literature reported education level does 
not ensure positive change in driving behaviour, while Mohammed (2012) and Tseng 
(2013) reported that drivers with higher education were more likely to report more 
speeding violations than those with lower levels of education. On the other hand the 
results of the study done by Millicent et al. (2014) showed that there were significant 
associations between driver experience and education with the frequency of traffic 
violation. The mean frequency of perpetration of traffic violations increased with 
increasing driver experience, whilst the frequency of traffic violation on speeding 
and overtaking decreased with increasing education in Kumasi. 
The study found out that frequency of violations differs in gender of drivers. The 
statistical tests showed significant gender effect (r=0.62; p<0.005) with regard to the 
frequency of traffic violations, with females having a lower frequency of violating 
traffic laws than males. International literature has also consistently recognized 
gender as a considerable factor related with traffic violations and road crashes. The 
studies of Akaateba and Amoh-Gyimah (2013) and Tseng (2013) show that males 
have been recognized to have a higher risk of crash involvement and commit more 
traffic violations than females. Also, the results showed there were significant 
differences in displaying violation behaviour towards traffic rules among groups of 
drivers with differences in education (r=0.61; p<0.005), while the group with 
secondary (r=0.61; p<0.005) showed significant difference (higher) in violation 
behaviour when compared with the graduate group. 
Upon examining the relations of violation behaviour towards traffic rules with 
nationality, it was found that attitude towards speeding violations showed high 
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positive correlation (r=.401, p<0.005) with nationality. Arabs showed the highest 
frequency of violations, followed by Asians, with Europeans showing the least in 
terms of frequency of violations. Work status did not show any significant 
correlation (r=-.151, p<0.005) with violation behaviour of traffic rules. 
This study investigated age- and gender-related differences in drivers‘ self-reported 
frequency of violation of traffic laws and the gains associated with the deployment of 
traffic enforcement technologies along Abu Dhabi highways. The study provides 
some insights and expands the evidence base for the hypothesized phenomenon of 
the over-representation of young males in traffic violations and risky driving 
behaviour. Although the overall results of the study revealed a general lower reported 
frequency of violation of traffic laws by respondents (i.e. occasional violations), the 
study also showed that there were small, yet significant, differences between gender 
and age on the one hand and the frequency of traffic safety violations on the other 
hand.  
This was particularly true for attitudes relating to the frequency of violations. Males 
in the study (especially younger males) reported a relatively higher frequency of 
violation of traffic laws than females. This means that males have a higher tendency 
of not complying with traffic laws than females in Abu Dhabi. This corroborates 
with findings from various studies such as Vlahogianni (2013), Vardaki and Yannis 
(2013), Farah (2011), Romano et al. (2012) and Nordfjærn et al. (2012; 2010). Males 
also tend to be more over-confident of their driving ability than females; as a result, 
they tend to selectively comply with traffic laws which increase their frequency of 
violation of traffic laws. In line with the findings of other studies by Vlahogianni and 
Golias (2012), Farah (2011), Forward (2010), Yan et al. (2007), Kontogiannis et al. 
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(2002), Parker et al. (1995), Iversen and Rundmo (2004), results of the study 
revealed that drivers‘ age has a significant effect on the frequency of commission of 
traffic violations. From the study, younger drivers report a more frequent violation of 
traffic laws than older drivers. A relevant implication that can be drawn from the 
study is to recognize that demographic variables of gender and age have a major role 
to play in traffic safety awareness in Abu Dhabi. 
5.8.3  Traffic safety technologies influence on drivers' speeding behaviour  
While the survey revealed that the existing technologies are completely likely to 
deter drivers from committing traffic offences, the degree of statistical significance 
varied with regard to various population characteristics of age and gender. There was 
significantly strong correlation (r=0.87; p<0.005) between the effects of enforcement 
technologies on deterrence of driver behaviour with age. The aged drivers showed 
higher levels of adherence than the young ones. On the other hand, the effects of 
enforcement technologies on driver behaviour and gender were also found to be 
significantly correlated (r=0.74; p<0.005) with female drivers‘ behaviours more 
likely to be deterred by technologies than male drivers‘. 
In terms of nationality, European drivers are more likely to be deterred (r=0.92; 
p<0.005) than the Asian and Arabic drivers. Further, the more educated drivers are, 
the more likely they are to be deterred (r= 0.54; p<0.005) from committing traffic 
offences. There was a strong significant correlation (r=0.83; p<0.005) between 
influence of driver behaviour in response to information provided by technologies 
under different weather conditions. Age and nationality were more prominently 
correlated (r=0.83; p<0.005) than education level and employment status (r=0.33; 
p<0.005). 
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The frequency of driver violations along the highways is so high that nearly all the 
drivers having committed traffic offences varied based on gender, nationality and 
level of education. The results showed that even though the number of female 
drivers‘ frequency of violations did not differ significantly from males, females did 
have a significantly lower number of traffic violations than did the male drivers.  
Females also showed a significantly lesser number of speeding violations than males. 
As expected, the results also indicated that young male drivers have a higher 
incidence of traffic violations than the rest of the population groups. The results also 
show clear gender differences in propensity for dangerous or reckless driving, with a 
higher tendency for males to experience unsafe driving behaviour.  
Generally, as presented in the previous discussion, the study revealed substantial 
positive effects of speed enforcement on both speeding and other reckless driver 
behaviour. However, the effects of speed enforcement are by no means as clear cut 
as one would like. The degree of effects of speed enforcement, for instance, varies 
considerably from gender, education level and age. For example, female drivers are 
likely more able to change their behaviour than male drivers, aged drivers are more 
likely to change their behaviour than the young ones, and the nationality factor also 
plays a vital role in determining behaviour change. The European drivers indicated 
that they would easily change their behaviour while the Asians and Arabs showed 
little response. On the contrary, level of education did not influence behavioural 
deterrence with regard to the use of technologies.  
5.8.4  Traffic safety technologies effect in adverse weather conditions 
The extent of effects of the use of enforcement technologies under various 
circumstances varied considerably amongst drivers. The study found out that the 
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European drivers had a strong view that enforcement technologies are more effective 
under bad weather conditions than the Asian and Arab drivers. The results displayed 
a significantly strong correlation between the enforcement technologies‘ 
effectiveness (r=0.54; p<0.005) with nationalities (r=0.51; p<0.005).  
5.8.5  Traffic safety technologies and deterrence of traffic offences 
There was a general acceptance amongst the drivers that enforcement technologies 
are effective in deterring traffic offences with a significant strong correlation (r=0.76; 
p<0.005). Respondents were in favour of both, with visible cameras and with hidden 
cameras. Whereas nearly every driver keeps within the speed limit when a camera is 
clearly visible, a small percentage of drivers may still violate the limit when they 
drive on a road with hidden cameras. On the other hand, clearly visible speed 
cameras may tempt drivers to speed up again a few hundred metres after the camera, 
while they may be less tempted to violate the speed limit when they are aware of the 
possibility of a hidden camera check. In quantitative terms, it can be gathered from 
the study that speed cameras (r=0.87; p<0.005) are more effective than physical 
policing methods in enforcing speed limits (r=0.53; p<0.005), and that fixed speed 
cameras with (r=0.66; p<0.005) are more effective in reducing speeds and crashes 
than mobile speed cameras (r=0.52; p<0.005). 
5.9 Statistical analysis of drivers‟ perceptions on traffic safety technologies 
This section provides the results of drivers‘ views on the impacts of traffic safety 
technologies deployment on Abu Dhabi's highways in order to investigate the 
relationship between the use of traffic safety technologies and the drivers‘ behaviour. 
The analysis is organized into the following main sections, comprising of:- 
1. Acceptance and support of traffic enforcement technologies 
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2. Compliance towards traffic enforcement technologies 
3. Impacts of various technologies and/or measures in mitigating the impacts of 
adverse weather conditions 
4. Enforcement technologies in deterring reckless driving behaviour  
5. Influence of safety technologies on driver actions 
Non-parametric factor analysis and Friedman tests were used to derive statistical 
inferences between the test variables with a further Wilcoxon signed-ranks test 
employed to determine differences between the variables. 
5.9.1  Do drivers accept and support the use of traffic enforcement 
technologies? 
Three variables as shown in table 5.2 were tested in order to determine driver‘s 
perceptions on support or acceptance of the use of traffic enforcement technologies 
on Abu Dhabi roads. The numerical assignments of each variable correspond to the 
question number as was reflected in the survey questionnaire. 
Table 5.2: Test variables 
3.7 
Support for the use of enforcement technologies in the reduction of 
serious accidents and fatalities 
5.2 
Support for the use of traffic safety technologies to mitigate the impact of  
adverse weather conditions on the safety of highways in Abu Dhabi 
2.1 How many times do you normally use the highways in Abu Dhabi 
 
It should, however, be noted that variable 2.1 was employed as a control variable to 
help in determining the correlation of the variables 3.7 and 5.2 with reference to the 
frequency of use of the highways. Friedman‘s test was further used to explore 
drivers‘ opinions regarding the acceptance and use of various technologies in the 
reduction of serious accidents and fatalities, and in mitigating the impacts of adverse 
weather conditions on safety performance of Abu Dhabi highways. As presented in 
Table 5.3, the results revealed that with an estimated χ2(5, N = 652) = 406.206, 
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p=0.000, the null hypothesis cannot be accepted as the calculated p value is less than 
or equal to the selected significance level (0.01) and that at least two of the variables 
are not significantly correlated to each other. 
Table 5.3: Friedman test statistics 
 Mean Rank N 652 
Q3_7 2.34 Chi-Square 406.206 
Q5_2 2.20 Df 2 
Q2_1 1.46 Asymp. Sig. .000 
 
Additionally, a Wilcoxon signed-ranks test was done to determine differences 
between the variables and the results revealed that the support for the use of traffic 
safety technologies to mitigate adverse weather conditions recorded more positive 
than negative ranks compared to the use of the enforcement technologies in the 
reduction of serious accidents and fatalities on Abu Dhabi highways.  
On the other hand, frequent users of the highways recorded more positive than 
negative ranks compared to mitigating the impacts of adverse weather conditions on 
safety performance of Abu Dhabi highways, whereas frequent users of the highways 
recorded more positive than negative ranks compared to the use of the enforcement 
technologies in the reduction of serious accidents and fatalities on Abu Dhabi 
highways.  
Wilcoxon signed-ranks test results shown in Table 5.4 revealed that there is a strong 
statistically significant difference (p=0.03) in the perception of the users regarding 
the support of the use of safety technologies in the reduction of serious accidents and 
fatalities and in mitigating the impacts of adverse weather conditions on the safety 
performance of Abu Dhabi highways. However there was no statistically significant 
difference (p=0.00) and (p=0.00) respectively between those who use the Abu Dhabi 
highways frequently and their support of the use of safety technologies in the 
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reduction of serious accidents and fatalities and in mitigating the impacts of adverse 
weather conditions on the safety performance of Abu Dhabi highways. 
Table 5.4: Wilcoxon signed-ranks test statistics 
 Q5_2 - Q3_7 Q2_1 - Q3_7 Q2_1 - Q5_2 
Z -2.948b -16.188b -15.422b 
Asymp. Sig. (2-tailed) .003 .000 .000 
b. Based on positive ranks 
 
 
5.9.2  Do warning message signs (such as variable message signs) and different 
types of speed cameras (fixed, mobile and gun) increase drivers' compliance 
with speed limits on the highways in Abu Dhabi? 
Four parameters as presented in Table 5.5 were included in factor analysis to 
determine the level of driver compliance as a result of the deployment of various 
traffic safety technologies. 
Table 5.5: Four question parameters 
Code Variable definitions 
P1 Different types of car safety systems 
P2 Variable message signs 
P3 
Different types of speed cameras (fixed, mobile, and 
gun) 
P4 
Weather management technologies (such as low 
visibility motorist warning system) 
 
All variables have positive factor 1 loadings, however variables P1 and P2 seem to 
be the dominating factors. These parameters encapsulate the relationships between 
driver compliance levels with respect to different safety technologies and 
enforcement. It can be inferred that the above aspects of traffic safety are interrelated 
and therefore it is the opinion of the drivers that the deployment of traffic safety 
technologies have different impact levels on driver compliance levels. From the 
variance column in Table 5.6, it can be seen that the first three factors explain 90% 
of the variability in all original variables, with factor 1 achieving the highest 
reduction in dimensionality.  
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Table 5.6: Summary of results from the factor analysis 
Factors Eigenvalues 
Total 
Variance 
(%) 
Cumulative 
Eigenvalues 
Cumulative total 
variance (%) 
1 2.315691 0.578923 2.315691 57.89% 
2 0.771266 0.192816 3.086957 77.17% 
3 0.536806 0.134202 3.623763 90.59% 
4 0.376237 0.094059 4 100.00% 
 
 
Figure 5.35: Factor analysis using speed violations to check the effectiveness of 
different safety technologies in compliance and reducing risks/accidents 
 
Additionally, a Wilcoxon signed-ranks test was done to determine which factors 
have greater influence on increasing driver compliance. As tabulated in Tables 5.7 & 
5.8, the results revealed that speed cameras recorded more positive than negative 
ranks compared to VMS in increasing drivers' compliance with speed limits, and the 
Wilcoxon signed-ranks test showed that there is a statistically significant difference 
(p=0.036) in the perception of the users regarding the impact of these two measures.  
Table 5.7: Wilcoxon signed-ranks 
 N Mean Rank Sum of Ranks 
Q4_5 – Q4_4 
Negative ranks 130 187.93 24430.50 
Positive ranks 204 154.48 31514.50 
Ties 326   
Total 660   
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Table 5.8: Wilcoxon signed-ranks test statistics 
 Q4_5 – Q4_4 
Z -2.095b 
Asymp. Sig. (2-tailed) .036 
b. Based on positive ranks 
 
5.9.3 Do traffic enforcement technologies and/or measures help in mitigating 
the impacts of adverse weather conditions on safety performance of Abu Dhabi 
highways? 
Friedman‘s test was used to explore drivers‘ opinions on the impacts of various 
technologies and/or measures (shown in Table 5.9) in mitigating the impacts of 
adverse weather conditions on safety performance of Abu Dhabi highways.  
Table 5.9: Adverse weather conditions mitigating measures 
A Additional conventional enforcement 
B More education 
C Traffic calming 
D Changing speed limit 
E More variable message signs 
F Send live information to highway users 
 
Friedman‘s test (Table 5.10) revealed that with an estimated χ2(5, N=308) = 139.056, 
p=0.000, the null hypothesis that there is no difference between enforcement 
technologies and/or measures in mitigating the impacts of adverse weather 
conditions on safety performance of Abu Dhabi highways cannot be accepted, as the 
calculated p value is less than or equal to the selected significance level (0.01) and 
that at least two of the variables are not significantly correlated to each other. 
Table 5.10: Friedman test statistics 
 Mean Rank N 308 
Q5_4A 2.92 Chi-Square 139.056 
Q5_4B 3.55 Df 5 
Q5_4C 3.55 Asymp. Sig. .000 
Q5_4D 3.30 
 Q5_4E 3.56 
Q5_4F 4.13 
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Under the null hypothesis of no differences between the measures, the Friedman test 
further revealed that the difference between the sum of all the ranks of the measures 
is more than the least significant difference, which therefore indicates that these 
measures are significantly different in mitigating the impacts of adverse weather 
conditions on safety performance of Abu Dhabi highways. 
However, as shown in Table 5.11, the Wilcoxon signed-ranks test showed that there 
is a very strong statistically significant difference (p=0.92) in the perception of the 
users regarding the impact of more variable message signs and more education in 
mitigating the impacts of adverse weather conditions on safety performance of Abu 
Dhabi highways. Further, statistically significant differences (p=0.598) and 
(p=0.554) respectively were also observed for traffic calming and more education, 
and more variable message signs and changing speed limits education, in mitigating 
the impacts of adverse weather conditions on safety performance of Abu Dhabi 
highways. 
Table 5.11: Wilcoxon signed-ranks test statistics 
 
Q5_4B - 
Q5_4A 
Q5_4C - 
Q5_4A 
Q5_4D - 
Q5_4A 
Q5_4E - 
Q5_4A 
Q5_4F- 
Q5_4A 
Q5_4C - 
Q5_4B 
Z -6.037b -5.896b -3.943b -5.786b -9.209b -.528c 
Asymp. Sig. (2-tailed) .000 .000 .000 .000 .000 .598 
 
Q5_4D - 
Q5_4B 
Q5_4E - 
Q5_4B 
Q5_4F - 
Q5_4B 
Q5_4D - 
Q5_4C 
Q5_4E- 
Q5_4C 
Q5_4F - 
Q5_4C 
Z -2.527b -.100b -5.703b -2.949b -.592b -5.877c 
Asymp. Sig. (2-tailed) .011 .920 .000 .003 .554 .000 
 
Q5_4E - 
Q5_4D 
Q5_4F - 
Q5_4D 
Q5_4F - Q5_4E 
Z -2.638b -7.268b -6.039b 
Asymp. Sig. (2-tailed) .008 .000 .000 
a-based on negative ranks. b-based on positive ranks 
 
 
 
 
 
 
 
 
Chapter 5 Analysis and discussion: Drivers' perceptions 
  
 
141 Musallem Al Junaibi, PhD Student, 2013 
 
5.9.4  Do enforcement technologies deter reckless driving behaviour?  
Friedman‘s test was used to explore drivers‘ opinions on the impacts of various 
technologies and/or measures (shown in Table 5.12) in addressing reckless driving 
behaviour in Abu Dhabi highways. 
Table 5.12: Reckless driving behaviour mitigating measures 
 
The Friedman test results (Table 5.13) revealed that with an estimated χ2(5, N=523) 
= 321.467, p=0.000, the null hypothesis that there is no difference between 
technologies and or measures in addressing reckless driving behaviour in Abu Dhabi 
highways cannot be accepted as the calculated p value is less than or equal to the 
selected significance level (0.01) and that at least two of the variables are not 
significantly correlated to each other. 
Table 5.13: Friedman test statistic 
 Mean Rank N 523 
Q6_2A 4.00 Chi-Square 321.467 
Q6_2B 3.99 Df 5 
Q6_2C 3.38 Asymp. Sig. .000 
Q6_2D 2.58  
Q6_2E 3.55 
Q6_2F 3.51 
 
Under the null hypothesis of no differences between the measures, the Friedman test 
further revealed that the difference between the sum of all the ranks of the measures 
is more than the least significant difference, which therefore indicates that these 
measures are significantly different in addressing reckless driving along Abu Dhabi 
highways. 
A Additional conventional enforcement (such as intensified patrols on the roads) 
B New enforcement technologies (such as speed cameras and variable message signs) 
C Additional driver training 
D Lowering the speed limit 
E More CCTV use 
F New vehicle safety technologies 
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Additionally, Wilcoxon signed-ranks test results (Table 5.14) showed that there is a 
strong statistically significant difference (p=0.250) in the perception of the drivers 
regarding the impact of that additional conventional enforcement (such as intensified 
patrols in the roads) and new enforcement technologies (such as speed cameras and 
variable message signs) in addressing reckless driver behaviour on Abu Dhabi 
highways. Further, there is a very strong statistically significant difference (p=0.994) 
between more use of CCTV and new vehicle safety technologies in addressing 
reckless driver behaviour on Abu Dhabi highways. Additionally, there were also 
observed statistically significant differences between new vehicle safety technologies 
and additional driver training (p=0.340) and more CCTV use and additional driver 
training (p=0.447). 
Table 5.14: Wilcoxon signed-ranks test statistics 
 Q6_2B - 
Q6_2A 
Q6_2C - 
Q6_2A 
Q6_2D - 
Q6_2A 
Q6_2E - 
Q6_2A 
Q6_2F - 
Q6_2A 
Q6_2C-
Q6_2B 
Z -1.150b -6.207b -12.797b -5.658b -4.847b -5.971b 
Asymp. Sig. (2-tailed) .250 .000 .000 .000 .000 .000 
 Q6_2D - 
Q6_2B 
Q6_2E - 
Q6_2B 
Q6_2F - 
Q6_2B 
Q6_2D - 
Q6_2C 
Q6_2E - 
Q6_2C 
Q6_2F - 
Q6_2C 
Z -13.146b -5.504b -4.463b -9.511b -.760b -.955b 
Asymp. Sig. (2-tailed) .000 .000 .000 .000 .447 .340 
 Q6_2E - Q6_2D Q6_2F - Q6_2D Q6_2F - Q6_2E 
Z -11.029b -10.063b -.008b 
Asymp. Sig. (2-tailed) .000 .000 .994 
b. Based on positive ranks. 
 
5.9.5 What actions are drivers likely to take as a result of the installation of 
enforcement technologies? 
An analysis was done to determine the drivers‘ opinions on what actions (based on 
Table 5.15) they would take if the highway is equipped with speed cameras.  
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Table 5.15: Driver actions variables 
A Changing lane suddenly 
B Overtaking in a wrong way 
C Exceeding maximum speed limit 
D Drive below the minimum speed limit 
E Fail to keep a safe distance from the leading vehicle 
F Using hand-held mobile phone while driving 
G Failure to fasten seat belt while driving 
H 
Driving dangerously (racing), reckless driving, driving causing danger to others, and sudden 
swerves  
 
A Friedman test was carried out in order to determine differences in drivers‘ opinions 
regarding what actions they would likely take if the highway is equipped with 
enforcement cameras or other safety technologies. As shown in Table 5.16, the test 
results χ2 (7, N=364) = 47.047, p=.000 < 0.01 indicate that there is a significant 
difference in likelihood of actions that drivers would take if the highway is equipped 
with enforcement cameras or other safety technologies. Nonetheless, the analysis 
results indicate that there is a differential rank-ordered impact levels for the different 
actions that drivers can take and therefore a post-hoc analysis with Wilcoxon signed-
ranks tests was conducted in order to identify differences between the variables. 
Table 5.16: Friedman test statistic 
 Mean Rank N 364 
Q6_3A 4.06 Chi-Square 47.047 
Q6_3B 4.38 Df 7 
Q6_3C 4.56 Asymp. Sig. .000 
Q6_3D 4.88  
Q6_3E 4.47 
Q6_3F 4.46 
Q6_3G 4.46 
Q6_3H 4.74 
 
Under the null hypothesis of no differences between the measures, the Friedman test 
further revealed that the difference between the sum of all the ranks of the measures 
is more than the least significant difference, which therefore indicates that these 
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measures are significantly different in terms of driver actions on deployment of 
traffic enforcement technologies on Abu Dhabi highways. 
Wilcoxon signed-ranks test showed that there is a very strong statistically significant 
difference (p=0.885) in the perception of the users regarding the impact of 
enforcement technologies in deterring driver behaviours related to exceeding the 
maximum speed limit and failure to keep a safe distance from the leading vehicle. 
Similarly, there is a significant difference (p=0.831) in the perception of the users 
regarding the impact of enforcement technologies in deterring driver behaviours 
related to exceeding maximum speed limit and failure to fasten seat belt while 
driving. 
Further, statistically significant differences (p=0.412) and (p=0.346) respectively 
were also observed for overtaking in a wrong way, using hand-held mobile phones 
while driving, and failure to fasten seatbelt while driving, as likely actions that can 
be deterred by enforcement technologies on Abu Dhabi highways. 
The results demonstrate that there are statistically significant differences between the 
level of impacts of traffic safety technologies on deterring the use of hand-held 
mobile phones while driving and changing lanes suddenly (p=0.16) on Abu Dhabi 
highways. 
Table 5.17: Wilcoxon signed-ranks test statistics 
 Q6_3B - 
Q6_3A 
Q6_3C - 
Q6_3A 
Q6_3D - 
Q6_3A 
Q6_3E - 
Q6_3A 
Q6_3F - 
Q6_3A 
Q6_3G - 
Q6_3A 
Z -2.563b -3.082b -5.369b -2.875b -2.415b -2.588b 
Asymp. Sig. (2-
tailed) 
.010 .002 .000 .004 .016 .010 
 Q6_3H - 
Q6_3A 
Q6_3C - 
Q6_3B 
Q6_3D - 
Q6_3B 
Q6_3E - 
Q6_3B 
Q6_3F - 
Q6_3B 
Q6_3G - 
Q6_3B 
Z -5.360b -1.280b -4.135b -1.037b -.820b -.942b 
Asymp. Sig. (2-
tailed) 
.000 .201 .000 .300 .412 .346 
 Q6_3H - 
Q6_3B 
Q6_3D - 
Q6_3C 
Q6_3E - 
Q6_3C 
Q6_3F - 
Q6_3C 
Q6_3G - 
Q6_3C 
Q6_3H - 
Q6_3C 
Z -3.728b -3.214b -.145b -.250b -.214b -2.783b 
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Asymp. Sig. (2-
tailed) 
.000 .001 .885 .803 .831 .005 
 Q6_3E - 
Q6_3D 
Q6_3F - 
Q6_3D 
Q6_3G - 
Q6_3D 
Q6_3H - 
Q6_3D 
Q6_3F - 
Q6_3E 
Q6_3G - 
Q6_3E 
Z -3.281b -3.258b -3.047b -.230b -.249b -.103b 
Asymp. Sig. (2-
tailed) 
.001 .001 .002 .818 .803 .918 
 Q6_3H - 
Q6_3E 
Q6_3G - 
Q6_3F 
Q6_3H - Q6_3F Q6_3H - Q6_3G 
Z -3.191b -.101b -3.290b -2.987b 
Asymp. Sig. (2-tailed) .001 .919 .001 .003 
b. Based on negative ranks 
 
5.10 Conclusion 
Serious road traffic accidents impose a burden on society, and therefore it is 
important to reduce their impact. This chapter aimed to analyse drivers' perceptions 
and behaviours to investigate the relationship between the use of traffic safety 
technologies and the drivers‘ behaviour in the light of serious road traffic accidents 
in Abu Dhabi highways. It examined drivers‘ attitudes and behaviour, and found that 
about 96% of the drivers in Abu Dhabi are using the highways, and 68% of them 
have one or more violations yearly. Also, 5.6% of Abu Dhabi drivers have exceeded 
the speed limits by more than 60km/h, while most drivers are using a wrong action 
while driving under low visibility (use warning signals). However, 65.8% of 
respondents strongly agreed or agreed that the use of speed cameras has the potential 
to reduce the number of serious accidents. Less than 20% of Abu Dhabi highways 
drivers believe that the use of enforcement technologies is not relevant to the 
accident frequency and severity. A small percentage of drivers (10.9%) believed that 
the enforcement technologies are insufficient to very insufficient along Abu Dhabi 
highways. Use of variable message signs (VMS) was found to have a considerable 
influence on drivers‘ compliance to maintaining speed limits along the Emirate 
highways. Additionally, more drivers were of the opinion that unhidden speed 
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cameras are most effective at increasing drivers‘ compliance to speed limits. The 
survey also found out that reducing the distance between the speed cameras has a 
higher potential for increasing driver compliance to speed limits along the highways. 
About half of the respondents support the use of enforcement technologies for 
mitigating the impacts of adverse weather conditions in Abu Dhabi highways. 
Furthermore, the survey pointed out that the drivers were generally satisfied to 
strongly satisfied (46.2%) with the current efforts in the use of traffic safety 
technologies to mitigate the impact of adverse weather conditions on the safety of 
highways in Abu Dhabi. The percentage of satisfaction on the current efforts in the 
use of traffic safety technologies to mitigate the impact of adverse weather 
conditions on the safety of highways in Abu Dhabi is discouraging. The survey 
shows that intensifying patrols on the roads, speed cameras and variable message 
signs, additional driver training, lowering the speed limit, more CCTV use, and new 
vehicle safety technologies are effective to address reckless driving behaviour in Abu 
Dhabi highways. 
As there emerged statistically significant relationships between the variables 
considered in the analysis and therefore all the five specific null hypotheses (Ho) that 
were tested in part 5.9, some of them cannot be accepted. Based on this we can say 
that drivers who use the road frequently do have a general acceptance and support 
the use of various technologies for the reduction of serious accidents and fatalities 
and in mitigating the impacts of adverse weather conditions on the safety 
performance of Abu Dhabi highways. Moreover, the level of driver compliance 
depends on the enforcement technology deployed, with the level of driver 
compliance which can be achieved by speed cameras recorded as more positive than 
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negative ranks compared to variable message signs (VMS) in increasing drivers' 
compliance to speed limits. Finally, there is a strong perception amongst drivers that 
enforcement technologies to deter reckless driver behaviours should be related to 
exceeding maximum speed limits. 
The results of the study revealed the positive effects that traffic safety technologies 
have on the behaviour of the drivers in Abu Dhabi. Therefore, further investment in 
technological advances in traffic safety (not just speed cameras) can potentially 
reduce the number of accidents. While automated traffic enforcement technologies 
are important tools to enhance traffic safety, they should be combined with other 
speed enforcement methods, education and awareness in order to help reduce the 
number and severity of collisions on Abu Dhabi‘s highways. While cars are 
increasingly being equipped with new technologies, the use of in-car traffic safety 
technologies, which aim at increasing or assuring drivers‘ compliance with traffic 
laws, needs to be expanded in Abu Dhabi. 
Given that drivers are not always experts, therefore, this analysis is not to be linked 
with technological findings, while the drivers‘ questionnaire aimed to investigate and 
analyse drivers‘ perceptions and behaviours. Moreover, the findings from this 
chapter have been used in designing the framework, especially the system 
development stage, and traffic safety technologies model as shown in Figure 8.1. 
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CHAPTER SIX: 
Analysis and Discussion 
6 Perceptions of experts on the direct effects of traffic safety technologies on 
other traffic safety dimensions in Abu Dhabi's highways 
6. 1  Introduction 
The purpose of this chapter is to analyse experts‘ perceptions to examine the direct 
effects of the use of traffic safety technologies on other traffic safety dimensions, 
within Abu Dhabi highways. The areas of the study identified four elements for 
traffic safety, known as the 4 Es, which include engineering element, enforcement 
element (traffic control areas), education element (awareness and education), and 
emergency response element (speed of response). This chapter provides the results of 
the experts‘ survey. The aim of this survey is to collect the traffic safety experts' 
views on traffic safety technologies and their deployment, and the direct effects of 
the use of traffic safety technologies on the other traffic safety elements in Abu 
Dhabi's highways. This survey is part of a research project that investigates the 
relationship between the use of traffic safety technologies and the number of serious 
road accidents in Abu Dhabi highways. The first part of this chapter is organized into 
five parts based on the content and categorization of the survey questions: 
1. Satisfaction with existing traffic safety technologies in Abu Dhabi highways; 
2. Direct effects of the use of traffic safety technologies on enforcement;  
3. Direct effects of the use of traffic safety technologies on traffic engineering; 
4. Direct effects of the use of traffic safety technologies on drivers‘ education 
(driver awareness); and 
5. Direct effects of the use of traffic safety technologies on emergency 
responses. 
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The demographic profile of the experts who participated in the survey is presented in 
Table 6.1. As shown in the table, a significant proportion of the experts were drawn 
from the Police, followed by the Department of Transport and those drawn from the 
contractors. The majority of the experts had over 15 years of experience and had 
attained at least a master‘s degree, with a majority having gained considerable 
experience in UAE. 
Table 6.1: Demographic profile of experts 
Group Attribute Number (N) Percentage (%) 
Occupation Public sector 74 68.5% 
  Private sector 34 31.5% 
Employer AD Police 42 38.9% 
 
DoT 20 18.5% 
 
Municipality 12 11.1% 
 
UPC 2 1.9% 
 
Contractor 16 14.8% 
 
Consultant 12 11.1% 
  Other 4 3.7% 
Nationality UAE 36 33.3% 
 
GCC 0 0.0% 
 
Other Arab 40 37.0% 
 
Asian countries 6 5.6% 
  Other countries 26 24.1% 
Gender Male 106 98.1% 
  Female 2 1.9% 
Age range (in years) 
<30 11 10.2% 
 
30-40 43 39.8% 
 
41-50 22 20.4% 
 
51-60 28 25.9% 
  More than 60 4 3.7% 
Years of experience (in traffic safety) 5-10 years 24 22.2% 
 
11-15 years 17 15.7% 
 
16-20 years 13 12.0% 
 
21-25 years 15 13.9% 
  ≥26 years 21 19.4% 
Years of experience in the UAE 0-2 years 11 10.2% 
 
3-5 years 14 13.0% 
 
6-10 years 37 34.3% 
 
10-14 years 14 13.0% 
 ≥15 years 32 29.6% 
Educational level Undergraduate 40 37.0% 
 
Masters 51 47.2% 
 PhD 17 15.7% 
Job cadre Line manager 36 33.3% 
 
Middle management 52 48.1% 
 Top management 20 18.5% 
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6. 2 Satisfaction with existing traffic safety technologies in Abu Dhabi 
highways 
The satisfaction levels as shown in Figure 6.1 regarding existing speed management 
technology measures varied considerably with a majority (45%) conceding that they 
are moderately satisfied and another 30% very satisfied. Further, it was noted that 
those who were very satisfied comprised mainly those who have over 11 years of 
experience in UAE, while those who indicated complete dissatisfaction were those 
with less than two years of experience. Those who were moderately satisfied had 
varied years of experience in UAE, with 35% of them having more than 15 years of 
experience and 36% with between 11 and 14 years of experience. Those with 6-10 
years and 3-5 years of experience were respectively 34% and 7%. It can be noted that 
the longer the experts stayed in UAE, the more satisfied they were with respect to the 
effectiveness of speed management measures. 
 
Figure 6.1: Satisfaction with the existing speed management technologies (traffic enforcement) 
To the contrary and as shown in Figure 6.2, the level of satisfaction with regard to 
weather management technologies was poor, with the biggest percentage (39.8%) of 
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respondents having been not satisfied at all and another 27.8% indicating slight 
satisfaction.  
 
Figure 6. 2: Satisfaction with the existing weather management technologies 
 (low visibility warning system) 
The results were equally true (Figure 6.3) towards satisfaction levels with existing 
variable message signs with a majority (38.0% and 28.7%) having respectively been 
not at all satisfied to being slightly satisfied. Further, Figure 6.4 shows that the level 
of satisfaction with the use of driver support or traveller information systems (such as 
navigation routing systems, and real-time traffic and traveller data systems) was 
equally not favourable amongst the experts. The satisfaction levels towards variable 
message signs considerably varied by nationality, with those who were not at all 
satisfied comprising mainly of UAE nationals (41%), Arab countries (62%), and 
Asian countries (33%). Those who were completely satisfied were mostly Arab 
(11%) and UAE nationals (3%). A similar pattern was also observed amongst those 
who were very satisfied with other countries (37%) and Asian countries (17%), while 
UAE were 6%. 
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Figure 6.3: Satisfaction with the existing variable message signs (to guide and warn drivers)  
 
Figure 6.4: Satisfaction with the existing use of driver support or traveller information 
systems 
Figure 6. 5 indicates that a significant majority (79.6%) of experts agreed to strongly 
agreed in terms of the need to improve traffic safety technologies in Abu Dhabi. 
When aggregated in terms of occupation, 85% and 64% of those in the public sector 
and private sector agreed to strongly agreed, respectively, while those who disagreed 
to strongly disagreed comprised of 6% and 11% respectively of those in the public 
sector and private sector. 
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Figure 6.5: Need for improvement in the field of traffic safety technologies in Abu Dhabi 
When queried on what safety systems should be deployed along Abu Dhabi 
highways, most of the experts believed that investment in weather management 
technologies and traveller information systems should be enhanced in Abu Dhabi. A 
significant number of experts were of the opinion that distance-based speed cameras 
(average speed checks) should be deployed along Abu Dhabi highways. Further, 
there were experts who believed that not much has been done in the area of work 
zone traffic management using traffic enforcement technologies, and wanted more 
focus on this. Driver training and awareness regarding the enforcement technologies 
was considered not effective, and as such it was proposed by many experts that 
adequate driver training and awareness creation must be invested in. 
6. 3 Direct effects of the use of traffic safety technologies on enforcement 
Figures 6.6, 6.7 and 6.8 present the survey results with regard to the experts‘ 
opinions regarding the effectiveness of different technologies in enhancing road 
safety and ensuring driver compliance with traffic laws. The figures show a general 
favour towards these technologies, with 75% in agreement that cameras on the 
highways in Abu Dhabi can reduce the number of serious road traffic accidents. On 
the other hand, 76% also held the opinion that enforcement technologies increase the 
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drivers' compliance with the traffic laws on the highways in Abu Dhabi. Further, 
67.6% also agreed that use of the different types of speed cameras (fixed, mobile, 
and gun) is effective in improving the traffic safety in Abu Dhabi highways. These 
views are consistent in response to the national safety camera programme, which 
estimated a 42% reduction in serious injuries and fatalities in the UK (Gains et al., 
2004). Moreover, it is identical with comments by Elivk and Vaa (2004) that speed 
cameras in the United States helped to reduce the total number of all road crashes by 
19%. 
 
Figure 6.6: Speed cameras and serious road traffic accidents 
 
Figure 6.7: Enforcement technologies and drivers' compliance with the traffic laws 
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Figure 6.8: Effect of different types of speed cameras (fixed, mobile, and gun) 
 in enhancing road safety 
Experts also indicated (Figure 6.9) that it is important to provide warning signs for 
the speed cameras in the highways. 
 
Figure 6.9: Importance of warning signs for the speed cameras 
In Figure 6.10, 75.9% of the experts indicated that use of enforcement technologies 
can decrease the severity of accidents. However, according to De Pauw, E et al. 
(2014), the installation of speed cameras has a positive effect on traffic safety, in 
particular on severe crashes. At locations with a lower speed limit the cameras seem 
to generate greater effects. Furthermore, speed cameras are an effective measure to 
improve traffic safety at locations with high-speed violations. 
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Figure 6.10: Enforcement technologies‘ effect on the severity of accidents 
As shown in Figure 6.11, 34.3% and 40.7% of the experts in Abu Dhabi very 
strongly and strongly agreed, respectively, that use of average speed cameras (point-
to-point radar) in Abu Dhabi can be more effective than the use of point radar 
(normal one). Similarly, Figure 6.12 shows that 56.5% and 28.7% respectively 
agreed and strongly agreed that there is a positive relationship between the use of 
enforcement technologies in the reduction in the number of severe accidents, injuries 
and fatalities.  
 
Figure 6.11: Average speed camera (point-to-point radar) more effective than point radar 
(normal one) 
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Figure 6.12: Enforcement technologies and reduction in the number of severe accidents, 
injuries and fatalities 
As presented in Figure 6.13, a significant number of experts (41.7%) indicated that 
enforcement technologies are very relevant in enhancing compliance to the traffic 
laws, with another 38.0% indicating that these technologies are fairly relevant. 
However, 4.6% were of the opinion that they are not relevant.  
 
Figure 6.13: Enforcement technologies and compliance with the traffic laws 
Similarly, as shown in Figure 6.14, a majority of experts were also of the opinion 
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accident frequency. 
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Figure 6.14: Enforcement technologies and accident frequency 
On the other hand, Figure 6.15 shows that 76.9% of experts indicated that 
enforcement technologies are relevant in mitigating accident severity. 
 
Figure 6.15: Enforcement technologies and accident severity 
The experts showed varied opinions with regard to replacing enforcement officers 
(conventional enforcement) techniques with automated enforcement techniques. As 
shown in Figure 6.16, 53% of the Police experts disagreed to strongly disagreed, 
whereas a majority (50% or more) from DoT, municipality, UPC, and consultant 
experts agreed to strongly agreed.  
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Figure 6.16: Enforcement officers (conventional enforcement) techniques could be replaced 
by automated enforcement techniques 
The experts showed considerable support with regard to the application of 
management technologies in Abu Dhabi highways. As shown in Figure 6.17, 61.1% 
were very supportive. 
 
Figure 6.17: Support for the use of speed management technologies in Abu Dhabi highways 
In terms of the experts‘ opinion regarding their view on the effectiveness of the 
various enforcement methods, Figure 6.18 shows that 45% considered automated 
speed management technologies, with only 29% being in favour of conventional use 
of police enforcement officers. The remainder (25.9%) chose other methods of 
enforcement. Furthermore, and as presented in Figure 6.19, a majority of the experts 
(63.9%) did agree that traffic safety technologies do have a direct effect on traffic 
10% 4% 
43% 
15% 8% 
20% 
33% 
27% 
26% 
35% 
42% 
50% 
40% 
8% 
29% 
19% 
25% 
33% 
40% 
33% 
25% 26% 
2% 
25% 17% 
50% 
25% 
75% 
14% 
0%
10%
20%
30%
40%
50%
60%
70%
80%
AD Police DoT Municipality UPC Contractor Consultant Other ALL
Strongly Disagree Disagree Neutral Agree Strongly agree
0.0 % 
7.4 % 
31.5 % 
61.1 % 
0.0%
20.0%
40.0%
60.0%
80.0%
Not Supportive Minimally
supportive
Fairly supportive Very supportive
 
Chapter 6 Analysis and discussion : Experts' perceptions 
 
 
161 Musallem Al Junaibi, PhD Student, 2013 
 
enforcement and another 26.9% show strong agreement. The experts‘ opinion 
regarding their view on the effectiveness of the various enforcement methods also 
varied according to their occupation. Based on experts‘ profiles, 37% of those 
working in the public sector favoured automated speed management technologies, 
while 32% from them were in favour of conventional use of police enforcement 
officers, whereas 65% of the private sector experts favoured automated speed 
management technologies, and 23% favoured conventional use of police officers. 
Moreover, 13% and 31% of the private and public sector, respectively, considered 
other types of enforcement were more effective. 
 
Figure 6.18: Comparison of effectiveness of different types of enforcement technologies 
 
Figure 6.19: Traffic safety technologies can have a direct effect on traffic enforcement 
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In mitigating bad driver behaviour that can cause accidents (Figure 6.20), a majority 
(47.7%) of experts believed that driving while using hand-held mobile phones can be 
controlled by the use of technologies, with 29.7% and 22.7%, respectively, indicating 
that sleep driving and fatigue can also be mitigated by the use of technologies. 
However, the experts indicated that driving under the influence of alcohol and drugs 
cannot be controlled by the use of technologies. 
 
Figure 6.20: Advanced safety technologies can mitigate different accident causes  
In the order of importance, 98% of experts were of the opinion that speeding, 
tailgating, use of mobile phones while driving, not using safety belts and abrupt lane 
changing should be put under strict surveillance. 
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treatment (35.2%), ramp treatment (32.4%) and vertical alignment (31.5%). 
However, speed cameras were found not to have significance in cross-section 
treatment (22.2%), and roadside treatment (25.9%). 
 
Figure 6.21: Traffic safety technologies have a direct relationship with engineering or 
highway design shortfalls 
 
Figure 6.22: Effect of speed cameras' on engineering design shortfalls 
Generally, variable message signs (VMS) were found to be moderately to highly 
effective in addressing most of the engineering design shortfalls. As presented in 
2.8 % 
11.1 % 
22.2 % 
42.6 % 
21.3 % 
0.0%
5.0%
10.0%
15.0%
20.0%
25.0%
30.0%
35.0%
40.0%
45.0%
Strongly
Disagree
Disagree Neutral Agree Strongly Agree
7.4% 6.5% 7.4% 
3.7% 
5.6% 4.6% 
7.4% 7.4% 
15.7% 
25.0% 
23.1% 
17.6% 17.6% 
19.4% 
15.7% 
18.5% 
34.3% 
37.0% 36.1% 
30.6% 29.6% 
35.2% 
26.9% 
31.5 % 
35.2% 
22.2% 
25.9% 
38.9% 
35.2% 
32.4% 
36.1% 31.5 % 
7.4% 
9.3% 
7.4% 
9.3% 
12.0% 
8.3% 
13.9% 
11.1% 
0.0%
5.0%
10.0%
15.0%
20.0%
25.0%
30.0%
35.0%
40.0%
45.0%
Very low effect Low effect Moderate effect High effect Very high effect
 
Chapter 6 Analysis and discussion : Experts' perceptions 
 
 
163 Musallem Al Junaibi, PhD Student, 2013 
 
Figure 6.23, the study found that VMS are effective and very effective in addressing 
engineering design shortfalls related to treatment of hazardous locations (54.6%), 
horizontal alignment (47.2%), roadside treatment, vertical alignment, junction 
treatment, and cross section treatment  (42.6%), ramp treatment and weaving section 
treatment (40.8%). However, a small percentage of experts indicated that VMS have 
no effects on the all design shortfalls that listed in the figure below. 
Similarly, as shown in Figure 6.24, the study found out that driver support systems 
(such as navigation routing systems, real-time traffic and traveller data systems) 
generally have positive effects on addressing engineering design shortfalls, with 
junction treatment and treatment of hazardous location design shortfalls scored 
highly at 38.0% and 36% respectively. 
 
Figure 6.23: Effect of VMS on engineering design shortfalls 
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Figure 6.24: Effect of driver support systems‘  
on engineering design shortfalls 
As shown in Figure 6.25, a majority of experts agreed (54%) and strongly agreed 
(39%) that traffic safety technologies can reduce the dangers posed from temporary 
work zones (detours) on Abu Dhabi highways. When disaggregated in terms of 
employer, all classifications support that traffic safety technologies can reduce the 
dangers posed from temporary work zones (detours) on Abu Dhabi highways by 
more than 90%.  
 
Figure 6.25: Traffic safety technologies can reduce the dangers posed from 
 temporary work zones 
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6. 5 Direct effects of the use of traffic safety technologies on drivers‟ 
education (driver awareness)  
The study found out that the experts were greatly of the opinion that the effectiveness 
of traffic safety technologies is somewhat related to driver training. As shown in 
Figure 6.26, a significant proportion of experts (76.9%) agreed and strongly agreed 
with the notion, while only 8.4% were of the opinion that there is no relationship 
between the effectiveness of traffic safety technologies and driver training. However, 
as shown in Figure 6.27, an equally significant proportion of the experts (89.8%) 
agreed and strongly agreed that use of traffic safety technologies increases the 
drivers' awareness about road hazards in Abu Dhabi highways.  
 
Figure 6.26: Effectiveness of traffic safety technologies and driver training 
 
Figure 6.27: Traffic safety technologies increase drivers' awareness about road hazards 
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It was also found that additional driver training is required to raise awareness and 
understanding of modern traffic safety technologies, as shown in Figure 6.28. 
 
Figure 6.28: Additional driver training is required to raise awareness and understanding of 
modern traffic safety technologies 
6. 6  Direct effects of the use of traffic safety technologies on emergency 
responses 
The study found out that a significant proportion of experts as presented in Figure 
6.29 was positive about the use of traffic safety technologies and the effectiveness of 
emergency responses in Abu Dhabi highways. Equally, and as presented in Figure 
6.30, a significant proportion of experts (80%) either agreed or strongly agreed that 
variable message signs (onboard information) can improve the response times of 
emergency vehicles in Abu Dhabi.  
 
Figure 6.29: Traffic safety technologies and emergency responses 
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response times of emergency vehicles in Abu Dhabi, 80% of the experts with 
experience over 26 years, 66% with 21-25 years of experience, 72% with 16-20 
years, 75% with 11-15 years of experience and 88% of those with 5-10 years of 
experience. 
 
Figure 6.30: Variable message signs improve the response times of emergency vehicles 
Further, as shown in Figure 6.31, the study found that the use of modern 
communication technologies can improve the response time of the emergency 
vehicles in Abu Dhabi, as 95.4% of experts either agreed or strongly agreed. 
Additionally, as presented in Figure 6.32, the study found that 55.6% and 27.8% of 
experts respectively agreed and strongly agreed that an operator's efficiency and 
capability in taking appropriate and prompt action can be enhanced by the use of 
traffic safety technologies.  
 
Figure 6.31: Modern communication technologies improve the response time of emergency 
vehicles 
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Figure 6.32: Use of traffic safety technologies enhance operators‘ efficiency and capability 
Further, as shown in Figure 6.33, the study also found that the traditional 
notifications about accidents in Abu Dhabi highways can be dispensed better by 
using new technologies (CCTV, sensors, etc.) with 55.6% in agreement and another 
31.5% in strong agreement. The results here are compatible with what researcher 
found in Chapter 3 (3.2.3.1 Driver support systems) 
 
Figure 6.33: Accident notifications can be dispended better by using new technologies 
Further, the experts also gave suggestions on what needs to be done to improve the 
road safety situation in Abu Dhabi. Key points they raised included: 
1. Continued awareness and effective road safety education programmes. 
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2. Collaborative approaches that also include a wide outreach to various 
stakeholders in the private sector, public sector and the media. 
3. Continued intensive research funding and involvement of academia and 
the corporate world. 
4. Strengthening of institutional frameworks to avoid overlapping roles 
amongst key stakeholders. 
5. Investing much in technology. 
The experts were also of the opinion that the study should have been more 
quantitative in nature to at least capture the effectiveness of the deployment of traffic 
enforcement technologies. Further, the experts thought that the study should have 
focused on one area rather than the whole scope of traffic enforcement technologies.  
6. 7 Analytical inference 
The context of the analytical inference from the experts‘ data is focused on key areas 
under investigation. 
6 .7. 1 Satisfaction with existing traffic safety technologies  
While the survey revealed that the experts are satisfied with respect to the 
effectiveness of speed management measures, the satisfaction level was strongly 
correlated to the number of years of experience the experts have in UAE (r=0.92; 
p<0.005) and not strongly correlated to the nationality of the expert (r=0.24; 
p<0.005) with the European experts showing less satisfaction. The longer the experts 
stayed in UAE, the more satisfied they were with respect to the effectiveness of 
speed management measures in Abu Dhabi. 
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6 .7. 2 Direct effects of the use of traffic safety technologies on enforcement 
While the survey revealed that the existing technologies are completely likely to 
deter drivers from committing traffic offences, there also emerged a significantly 
strong correlation (r=0.87; p<0.005) between the effects of safety technologies on 
enforcement and deterrence of driver behaviour.  
6 .7. 3 Direct effects of the use of traffic safety technologies on traffic 
engineering  
The study found that there was a moderately strong correlation (r=0.61; p<0.005) 
between the application of traffic enforcement technologies in addressing a number 
of engineering design shortfalls. Specifically, speed cameras were deemed 
appropriate in addressing design shortfalls in junction treatment, horizontal 
alignment treatment of hazardous locations and weaving sections treatment. Variable 
message signs (VMS) were found to be moderate to highly effective in addressing 
most of the engineering design shortfalls related to treatment of hazardous locations, 
horizontal alignment, roadside treatment, ramp treatment and weaving section 
treatment. On the other hand, driver support systems (such as navigation routing 
systems, real-time traffic and traveller data systems) generally have positive effects 
in addressing engineering design shortfalls related to junction treatment and 
treatment of hazardous location design. 
6 .7. 4 Direct effects of the use of traffic safety technologies on driver education  
The study found a strong correlation (r=0.71; p<0.005) between the effectiveness of 
traffic safety technologies and driver training. Further, a significant proportion of the 
experts were of the strong opinion that use of traffic safety technologies increases the 
drivers' awareness about road hazards in Abu Dhabi highways with correlation 
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(r=0.57; p<0.005). However, it was also found that additional driver training is 
required to raise awareness and understanding of modern traffic safety technologies.  
6 .7. 5 Direct effects of the use of traffic safety technologies on emergency 
responses  
The study found a significant strong correlation (r=0.92; p<0.005) between the use of 
traffic safety technologies and the effectiveness of emergency responses in Abu 
Dhabi highways. Equally, a majority of experts also either agreed or strongly agreed 
that variable message signs (onboard information) can improve the response times of 
emergency vehicles in Abu Dhabi. Further, the study also found that there is an 
equally strong correlation (r=0.81; p<0.005) between using the new technologies 
(CCTV, sensors, etc.) and dispensing notifications of accidents in Abu Dhabi 
highways. 
6.8 Statistical analysis of experts‟ perceptions on traffic safety technologies 
This section provides the results of the experts‘ survey which analysis the perceptions 
of practitioners on  the direct effects of the use of traffic safety technologies on other 
traffic safety dimensions, within Abu Dhabi highways. The methodology adopted for 
the analytical analysis of the survey data involved the applications of factor analysis, 
Friedman test and Wilcoxon signed-ranks test techniques. Factor analysis is used to 
describe variability among observed and correlated variables and to detect structure 
in the relationships between variables, while the Friedman test is a non-parametric 
test for testing the difference between several related samples and in the analysis of 
variances when the same parameter has been measured under different conditions on 
the same subjects. The analysis is organized based on the content and categorization 
of the survey questions:-  
 
Chapter 6 Analysis and discussion : Experts' perceptions 
 
 
172 Musallem Al Junaibi, PhD Student, 2013 
 
1. Can improvements in the deployment of traffic safety technologies have a positive 
impact on the efficiency of enforcement practices and improvements in traffic 
safety? 
2. Can traffic safety technologies mitigate safety risks that may result from 
engineering and highway design shortfalls? 
3. Is there a relationship between drivers‘ training and the efficiency of traffic 
safety technologies? 
4. What are the direct effects of the use of traffic safety technologies in the 
efficiency of the operations of emergency services? 
5. Does the use of safety technologies have the same impact levels on the 
following areas of interest: 
a) reduction of road accidents engineering and highway design shortfalls 
b) mitigation of risks associated with  
c) driver training and awareness  
d) efficiency of emergency services 
6.8.1 Can improvements in the deployment of traffic safety technologies have 
a positive impact on the efficiency of enforcement practices and improvements 
in traffic safety? 
Six parameters, as presented in Table 6.2, were included in factor analysis to 
determine the effects of deployment of various traffic safety technologies. 
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Table 6.2: Variable parameters 
Code Variable parameter 
P1 Speed cameras can reduce number of 
accidents 
P2 Use of enforcement technologies increases 
drivers‘ compliance 
P3 Warning signs for the presence of speed 
cameras are important 
P4 Positive relationship between enforcement 
technologies and reduction of accidents 
P5 Enforcement officers could be replaced by 
automated enforcement technologies 
P6 Traffic safety technologies have direct 
effects on traffic enforcement 
 
Figure 1 shows the factor loadings (on factor 1 and 2) for the six variables, as well as 
the loadings for the sample (participants), grouped based on their responses to the 
statement ―Abu Dhabi highways need improvement in the field of traffic safety 
technologies‖. 
 
Figure 6.34: Plot of variable and sample factor loadings  
 
As can be seen in Figure 6.34, all variables have positive factor 1 loadings, however 
variables P1, P2, P4 and P6 seem to be dominating this factor. These parameters 
encapsulate the relationships between safety technologies, enforcement, driver 
compliance and accident frequency. It can be inferred that the above aspects of 
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traffic safety are interrelated and therefore it is the opinion of the experts that the 
deployment of traffic safety technologies can have a positive impact on the reduction 
of traffic accidents. Variables P3 and P5 are related to user awareness and replaced 
conventional enforcement, and although these two variables are closely correlated, it 
is not believed that they greatly affect the frequency of accidents. From the variance 
column in Table 6.3, it can be seen that the first two factors explain 51% of the 
variability in all original variables, with factor 1 achieving the highest reduction in 
dimensionality. In terms of the factor loadings of samples, no clear patterns can be 
observed and therefore expert opinions on the need of improvements in traffic safety 
technologies usage don‘t influence differently the variables of the analysis. 
Table 6.3: Summary of results from the factor analysis  
Factor Eigenvalues 
Total Variance 
(%) 
Cumulative 
Eigenvalues 
Cumulative total 
variance (%) 
1 1.958176471 0.326362745 1.958176471 32.64% 
2 1.11992354 0.186653923 3.07810001 51.30% 
3 1.017505759 0.169584293 4.09560577 68.26% 
4 0.733908754 0.122318126 4.829514524 80.49% 
5 0.675966774 0.112661129 5.505481298 91.76% 
6 0.494518702 0.082419784 6 100.00% 
 
6.8.2 Can traffic safety technologies mitigate safety risks that may result from 
engineering and highway design shortfalls?  
As part of the second question, a Friedman test was carried out in order to establish 
variances in opinions about the effects that different safety technologies have in 
addressing various engineering and design shortfalls in Abu Dhabi‘s highway 
network. As can be seen in the results (Table 6.4) of the analysis, a statistically 
significant difference (P<0.05, highlight in dark grey) was observed on the effect that 
the three technologies have. However, in order to investigate further where these 
differences occur, Wilcoxon signed-ranks tests were performed on the different 
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combinations of related group variables (speed cameras, VMS, and driver support 
systems). In doing so, a Bonferroni adjustment was used to calculate the new 
significance level as   
    
 
 
                         
                       
         Based on the results 
(Table 6.4, P<0.017, highlighted in dark grey), driver support systems were found to 
be the least favourable measure amongst experts, since there was a significant 
difference between driver support systems and VMS for all shortfalls and between 
driver support systems and speed cameras in most shortfalls. On the other hand, 
significant differences (only on the case of the treatment of hazardous locations) was 
reported when comparing speed cameras with VMS and therefore both measures can 
be used to mitigate the effects of accidents when inadequate highway designs exist. 
Table 6. 4:  Friedman and Wilcoxon signed-ranks test results  
Engineering and design shortfalls 
Ranks – Friedman Test 
Wilcoxon signed-ranks 
test 
Spee
d 
came
ras 
(V1) 
Variabl
e 
messag
e signs 
(V2) 
Driver 
suppor
t 
system
s (V3) 
P 
V1
-
V2 
(P) 
V1
-
V3 
(P) 
V2-V3 
(P) 
Treatment of hazardous locations 4.69 5.07 4.80 
.00
0 
.01
3 
.10
2 
.000 
Cross-section treatment 4.02 4.30 4.32 
.00
2 
.08
4 
.04
0 
.001 
Roadside treatment 3.96 4.20 4.36 
.00
3 
.13
8 
.03
9 
.000 
Junctions treatment 4.88 4.81 4.83 
.00
1 
.71
8 
.00
1 
.001 
Weaving section treatment 4.73 4.24 4.35 
.00
1 
.36
7 
.00
2 
.008 
Ramp treatment 4.41 4.51 4.39 
.00
0 
.63
7 
.00
1 
.000 
Horizontal alignment 4.83 4.54 4.55 
.00
1 
.59
2 
.00
1 
.000 
Vertical alignment 4.48 4.32 4.40 
.00
3 
.70
1 
.00
9 
.004 
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6.8.3 Is there a relationship between drivers‟ training and the efficiency of 
traffic safety technologies? 
As part of the third question, a Friedman test was carried out in order to establish 
variances in opinions of the relationship between drivers‘ training/ awareness and the 
efficiency of traffic safety technologies in Abu Dhabi‘s highway network. The null 
hypothesis considered in the Friedman test is that there are no differences between 
the influences of the three variables (Table 6.5) on the efficiency of traffic safety 
technologies. With a calculated χ2 (2, N=107) = 5.817, p=0.055 > 0.05 (Table 6.5), 
the null hypothesis can be accepted as the results reveal a statistically significant 
relationship between drivers‘ training and the efficiency of traffic safety 
technologies. As there emerged no significant difference between the three variables, 
there is enough evidence to completely support the research hypothesis. However, 
the analysis does indicate that there is a differential rank ordered preference amongst 
the experts against the three variables and therefore, it is meaningful to conduct 
multiple comparisons in order to identify differences between the variables. 
Post-hoc analysis with Wilcoxon signed-ranks tests was also conducted with a 
Bonferroni correction applied, resulting in a significance level set at p<0.017. As 
presented in Table 6.5, the results further confirm that there are no significant 
differences between the variable 1 and variable 2 influences (z=-0.061, p=0.952) or 
between variable 2 and variable 3 influences (z=-1.811, p=0.070), despite an overall 
reduction in perceived influence of variable 3 versus variable 2 influences. However, 
there was a statistically significant reduction in perceived influence of variable 3 and 
variable 1 (z=-2.636, p=0.008). 
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Table 6.5:  Friedman and Wilcoxon signed-ranks test results  
Drivers‘ training and the 
efficiency of traffic safety 
technologies 
Ranks – 
Friedman 
test 
Friedman test 
Wilcoxon 
signed-ranks test 
N 107 z 
Asymp. 
Sig. 
Variable 
1 
Effectiveness of traffic 
safety technologies and 
a driver's training 
1.87 
Chi-
Square 
5.817 
V1-V2 
-0.061 0.952 
Variable 
2 
Drivers' awareness 
about road hazards in 
Abu Dhabi highways 
2.02 df 2 
V1-V2 
-2.636 0.008 
Variable 
3 
Additional training and 
raise awareness 
2.11 
Asymp. 
Sig. 
.055 
V2-V3 
-1.811 0.70 
 
6.8.4 What are the direct effects of the use of traffic safety technologies on the 
efficiency of the operations of emergency services? 
Four parameters, as presented in Table 6.6, which were derived from the 
questionnaire were included in factor analysis to determine the effect of the use of 
traffic safety technologies on the efficiency of the operations of emergency services. 
Table 6.6: Four question parameters 
Code Variable parameter 
P1 Enhancement of operators‘ efficiency 
P2 Capability of taking appropriate and prompt action 
P3 Improvement of the response time of the emergency vehicles 
P4 Notifications about accidents and effectiveness of emergency responses 
 
As can be seen in Figure 6.35, all the variables have positive factor 1 loadings, 
however variable P4 seem to be the dominating factor. These parameters summarize 
the relationships between the use of traffic safety technologies and emergency 
responses. It can be inferred that the above aspects are interrelated and therefore it is 
the opinion of the experts that the deployment of traffic safety technologies can have 
a positive impact on enhancing the operator's efficiency and capability in taking 
appropriate and prompt actions in situations calling for emergency responses. The 
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close approximation of P1 and P2 denote that these two parameters are closely 
correlated with regard to responses to emergencies. Therefore findings in terms of 
factor loading and parameter correlations can be considered to be significant. From 
the variance column in Table 6, it can be seen that the first factor (with an estimated 
Eigenvalue of 2.32) explains 57.9% of the variability amongst all the variables, with 
factor 1 achieving the highest reduction in dimensionality. In terms of the factor 
loadings of samples, there are observed clear patterns, and therefore expert opinions 
on the effectiveness of traffic safety technologies in enhancing the efficiency of the 
operations of emergency services are influenced by the variables of the analysis. 
 
Figure 6.35: Analysis of experts‘ perceptions based on efficiency of the operations of 
emergency services in Abu Dhabi 
 
Table 6.7: Summary of results from the factor analysis for RQ4 
 
Factors Eigenvalues 
Total variance 
(%) 
Cumulative 
Eigenvalues 
Cumulative total 
variance (%) 
1 2.315691 0.578923 2.315691 57.89% 
2 0.771266 0.192816 3.086957 77.17% 
3 0.536806 0.134202 3.623763 90.59% 
4 0.376237 0.094059 4 100.00% 
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6.8.5 Does the use of safety technologies have the same impact levels on the 
following variables:- 
 Reduction of road accidents, mitigation of risks associated with engineering and 
highway design shortfalls, driver training and awareness, and efficiency of 
emergency services 
In response to the fifth question, a Friedman test was carried out in order to 
determine differences in experts‘ opinions regarding the level of impact of traffic 
safety technologies on the four variables. The null hypothesis considered in this test 
is that there are no differences in the level of impact of the traffic safety technologies 
on accident reduction, mitigation of risks associated to engineering and highway 
design shortfalls, driver training/awareness and in the efficiency of emergency 
services. As shown in Table 6.8, the test results χ2 (3, N=104) = 13.309, 
p=0.004<0.05 indicate that there is significant difference in the level of impact on 
traffic safety technologies on the analysis variables. The null hypothesis can't be 
accepted that there is a statistically significant relationship between the impact levels 
of traffic safety technologies on the four variables under investigation. Nonetheless, 
the analysis results indicate that there are differential rank ordered impact levels for 
the four variables and therefore a post-hoc analysis with Wilcoxon signed-ranks tests 
was conducted with a Bonferroni correction (adjusted significance level set at 
p<0.017) in order to identify differences between the variables.  
The results demonstrate that there were no significant differences between the level 
of impacts of traffic safety technologies on reduction of accidents and engineering 
and design shortfalls (z=-2.542, p=0.872) or between the impacts of the technologies 
on reduction of accidents and driver training (z=-0.072, p=0.037), and between 
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reduction of accidents and effectiveness of emergency response (z=-0.014, p=0.024). 
However, despite an overall reduction in perceived level of impact on variable 
engineering and design shortfalls  versus driver training. Furthermore, there was a 
statistically significant difference between the level of impact of traffic safety 
technologies on engineering and design shortfalls and effectiveness of emergency 
response (z=-2.266, p=0.012). 
It should, however, be noted that these results do not present individual impact levels 
of the three categories (speed cameras, VMS and driver support systems) but rather a 
combined level of impact of the traffic safety technologies. 
Table 6.8:  Friedman and Wilcoxon signed-ranks test results  
Does the use of safety 
technologies have the same 
impact levels on the following 
variables? 
Ranks – 
Friedman 
test 
Friedman test 
Wilcoxon signed-
ranks test 
N 107 Z 
Asymp. 
Sig. 
Variable 1 
Reduction of 
accidents 
2.49 N 104 
V1-V2 
-2.542 0.872 
Variable 2 
Engineering and 
design shortfalls 
2.19 C
h
i 
-S
q
u
ar
e
 
13.309 
V2-V4 
-2.266 0.012 
Variable 3 Driver training 2.66 d
f 3 
V1-V3 
-0.072 0.037 
Variable 4 
Effectiveness of 
emergency 
responses 
2.67 
A
sy
m
p
. 
S
ig
. 
.004 
V1-V4 
-0.014 0.024 
 
6.9 Conclusion 
As found from the study, the experts‘ satisfaction with the existing speed 
management technologies (enforcement technologies) achieved a medium ratio in 
Abu Dhabi highways. Furthermore, the survey pointed out that the traffic safety 
experts were generally agreed on the terms of the need to improve traffic safety 
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technologies in Abu Dhabi. In this term, the satisfaction level was strongly correlated 
with the number of years of experience the experts have in UAE. There is a direct 
effect on enforcement in using the traffic safety technologies in enhancing road 
safety and ensuring driver compliance with traffic laws. Moreover, the experts‘ 
opinions showed that traditional enforcement tools cannot be replaced by using 
traffic safety technologies, but they can be complementary. The study found that 
experts support the use of traffic safety technologies and highly favour the use of 
speed cameras and VMS to address engineering or design shortfalls in Abu Dhabi 
highways, related to hazardous locations, cross-sections, junctions, weaving, and 
horizontal and vertical alignment. Likewise a majority of experts agreed that traffic 
safety technologies can reduce the dangers posed by temporary work zones (detours) 
on Abu Dhabi highways. The study found a strong correlation between the 
effectiveness of traffic safety technologies and driver training. Further, there was also 
an equally significant strong correlation between the use of enforcement technologies 
and drivers' awareness of road hazards in Abu Dhabi highways. Also the experts‘ 
view was positive about the use of traffic safety technologies and the effectiveness of 
emergency responses in Abu Dhabi highways. The majority of experts agreed that 
onboard information can improve the response times of emergency vehicles in Abu 
Dhabi. Further, the study also found that there is an equally strong correlation 
between using the new technologies (CCTV, sensors, etc.) and dispensing 
notifications of accidents in Abu Dhabi highways. 
Clearly, efforts to focus more on the road safety factor will improve our 
understanding of how to take the right direction to reduce serious road traffic 
accidents in Abu Dhabi. Moreover, implementing traffic safety technologies properly 
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in roads and in designing safe vehicles to deal with serious road traffic accidents 
through improving enforcement, drivers‘ behaviour, vehicles‘ and drivers‘ safety, 
engineering road defects, and emergency responses, is an area which needs more 
study and focused research.  
It should be noted here that this chapter result focused on the perceptions of the 
experts, not to be confused with effects derived from field/experimental work. 
Moreover, the findings from this chapter have been used in designing the framework, 
especially the system development stage and traffic safety technologies model, as 
shown in Figure 8.1. 
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CHAPTER SEVEN:  
 Develop the Association 
7. The impact of speed cameras on the frequency and severity of accidents in 
Abu Dhabi highways 
7.1  Introduction 
Road traffic accidents are one of the most common causes of road deaths 
worldwide, and this is the case for the Emirate of Abu Dhabi. According to road 
accident data from the Ministry of Interior, from 2012 to 2014, the average 
number of deaths due to road accidents in the Emirate of Abu Dhabi was in the 
range of eight deaths per 100,000 population. Such high fatality rates have 
enormous social and economic impacts on the country. Research has shown that 
effective implementation of traffic safety technologies can mitigate and prevent 
the occurrence of fatal accidents. 
This chapter presents the findings of a study, implemented in Abu Dhabi, which 
aimed to investigate the effect of traffic safety technologies on both accident 
frequency and severity on highways. In more detail, the study adopted the use of a 
before and after method for quantifying the effectiveness of speed cameras in 
reducing the frequency and mitigating the severity of accidents on selected highways 
in Abu Dhabi. The study involved analysis of data for both major (freeway) and 
minor arterial highways, and revealed that on major highways speed cameras were 
effective in lowering the number and impact of accidents. On the other hand, the 
effect of speed cameras on minor arterial highways was only evident in the first 
installation of speed cameras, while the influence of it was negative in case of 
accident frequency and severity in the second stage of installation. 
 
Chapter 7 Analysis and discussion : The impact of speed cameras in the frequency and 
severity of accidents in Abu Dhabi highways 
 
184 Musallem Al Junaibi, PhD Student, 2013 
 
7.2 The impact of speed cameras on Abu Dhabi highways and accident 
frequency  
From Table 7.1 below it can be seen that on International Airport road (freeway) 
there was a total of 61 accidents with injuries and fatalities before the speed cameras 
were operational (2001-2003) and 40 accidents with injuries and fatalities after 
installation of the speed cameras (2004-2006). This signifies a reduction of 21 fewer 
accidents with fatalities and injuries (34.4%). With the addition of a strategically 
installed speed camera on the same road in 2009 and operation in 2010, the 
frequency of the accidents before installation (2006-2009) was 284, while the 
number after installation (2010-2013) is 281. Based on these figures, it can be 
deduced that installation of the additional one speed camera in 2009 had no 
significant influence on the frequency of accidents as only three fewer (1%) 
accidents with injuries and fatalities were recorded after the installation.  
On the other hand, on the Suwaihan Road (minor arterial highway), the frequency of 
accidents with injuries and fatalities before (2001-2003) installation of the nine speed 
cameras in 2003 was 106, while the number after (2004-2006) installation is 44 (the 
reduction was 58.5%). A further increase in the number (by six) of speed cameras 
installed in 2009, and activated into full operation in 2010, indicates contrasting 
results, as there were 27 more accidents between that period (-19.3%). Prior to the 
installation of these new cameras (2006-2009) the frequency of accidents in this 
period was 140 and this increased to 167 (2010-2013). Although this rise is not 
significantly high, it does, however, imply that the increase in number of speed 
cameras during this period did not have any effect on the frequency of accidents. On 
the other hand, a variety of other reasons may be responsible for this increase, 
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including higher traffic flows, or weather conditions during this period. This would 
be discussed in more detail in the concluding section. 
Table 7.1: Analysis using before and after method to establish influence of speed camera installations 
International Airport Road 
Second installation (2009) & operation 
(2010) 
First installation (2003) & operation (2004) 
C
ateg
o
ry
 
Difference After Before Difference After Before 
Increase/decrease 
2010-
2013 
2006-2009 Increase/decrease 2004-2006 2001-2003 
3 281 284 21 40 61 
Accident 
frequency 
139 436 575 43 94 137 
Accident 
severity 
Suwaihan Road 
Second installation (2009) & operation 
(2010) 
First installation (2003) & operation (2004) 
C
ateg
o
ry
 
Difference After Before Difference After Before 
Increase/decrease 
2010-
2013 
2006-2009 Increase/decrease 2004-2006 2001-2003 
27 167 140 62 44 106 
Accident 
frequency 
52 366 314 97 94 191 
Accident 
severity 
 
Figure 7.1 below illustrates the comparison between accident frequency on 
International Airport Road and Suwaihan Road. The chart generally shows the same 
trend with accident frequency on both roads decreasing around 2005 (same level) 
and drastically increasing in 2009, and in particular the International Airport road 
accounted for more accidents. Although frequency of accidents can be noted to be 
slightly higher on Suwaihan Road between 2001 and 2004, this changed in 2005 
when an upturn in accidents began with the International Airport Road accounting 
for more accidents throughout the rest of the years under consideration. 
Furthermore, from 2009 onwards a steady reduction can be noticed, following the 
installation of additional speed cameras on both roads. However on Suwaihan Road, 
the accident levels seem to be fluctuating mainly because of a significant decrease in 
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2010. The above result is in line with what Elvik and Vaa (2004) found in the United 
States, where the speed cameras were involved in the reduction of the total number 
of all road crashes by 19%, and also what Gains et al. (2004) found in Australia, 
while a very intensive speed enforcement programme contributed to a 41% reduction 
in fatal road crashes. 
 
 
 
 
 
 
Figure 7.1: Comparison accident frequency between International Airport and Suwaihan Roads 
7.3 The impact of speed cameras on Abu Dhabi highways and accident 
severity 
Table 7.1 above and Figure 7.2 below also present the data collected and analyzed 
for accident severity on both the International Airport (freeway) and Suwaihan 
(minor arterial highway) roads. For the convenience of the reader, when the term 
‗accident severity‘ is used thereafter, it refers to accidents that resulted in injuries or 
fatalities. From the statistics generated, the severity of accidents before (2001-2003) 
the first installation of the speed cameras on the International Airport Road was 137, 
and this was reduced to 94 for the period 2004-2006. The difference in accident 
severity was 43 (31.4% reduction), which is quite satisfactory, considering the 
number of fatalities and injuries before the installation of speed cameras. The second 
installation, which became operational in 2010, brought about a reduction in fatalities 
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and injuries by 139 (24.2%), which implies that installation of more speed cameras 
effected a reduction in the severity of accidents. 
Conversely, on Suwaihan Road, the number of injuries and fatalities before (2001-
2003) the installation of the nine speed cameras in 2003 was 191, while the number 
after (2004-2006) the installation was 94. The data analysis indicates a significant 
reduction in the severity of the accidents by 50.8%. A further increase in the number 
of speed cameras, which were activated in 2010, reveal results which are similar to 
the statistics obtained from the analysis of the accident frequencies. It can be noted 
from Table 7.1 that there were 52 more ‗severe cases‘ (increasing by 16.7%) between 
these periods. Prior to the installation of these new cameras, the severity of accidents 
was 314, which then increased to 366 (2010-2013). One of the factors that 
contributed to that could be the significant increase in traffic flow in these periods. 
Figure 7.2 below illustrates the comparison between accident severity on 
International Airport Road and Suwaihan Road. The trend in events is very similar to 
that noted in the accident frequency, with incidents gradually increasing over the 
years from 2001 and peaking in 2009 before generally declining towards the end of 
2012/2013. Even though International Airport Road is a shorter route, approximately 
7.4 times shorter than the length of Suwahian Road, it has recorded more incidents 
overall. This may be due to several other factors, including the width of the road, the 
lighting, traffic congestion, etc. 
It can be seen from Figure 7.2 that in 2001, severity levels were more or less the 
same for the two roads. While there was a decline in incidents on International 
Airport Road between 2001 and 2004, incidents were slightly increasing on the 
Suwaihan Road until 2003, before having a downward slope until 2006. Both roads 
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generally began to suffer an increase in the number of severe cases in 2005-2009, 
where they both peaked. Similarly, both roads recorded a decline from 2009 to 2013, 
with Suwaihan road slightly undulating. This again may be influenced by several 
factors, including the increase in number of speed cameras installed in 2009 on both 
roads, which has impelled commuters to be more cautious whilst driving, to prevent 
penalties or fines. The above results are harmonious with what happened in the UK, 
where the national safety camera programme resulted in an estimated 42% reduction 
in serious injuries and fatalities from road accidents (Gains et al., 2004). Also, by 
evaluating the impact of speed cameras on the two highways selected for this study 
in Abu Dhabi and on road safety up to Wilson et al. (2006), it is noted that after the 
implementation of speed enforcement programmes there were reductions ranging 
from 40% to 45% for crashes involving serious injuries, 8% to 46% for fatal crashes, 
and 14% to 72% in all crashes.  
 
 
 
 
 
Figure 7.2: Comparison of accident severity between International Airport and Suwaihan Roads 
7.4 Establishing correlation between significant accident data and factors  
In order to determine the strength of the relationships between the variables under 
consideration, correlation analysis was adopted.  
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7.4.1 Relationships between accident frequency and severity on both roads 
Figure 7.3 illustrates the relationship between accident frequency and severity. The 
graph indicates an    value of 0.93 for the International Airport Road (freeway) and 
0.87 for Suwaihan Road (minor arterial highway). In other words, as the volume of 
accidents increases, the probability of injuries or fatalities as a result of them also 
increases.  
 
Figure 7.3: Correlation of accidents frequency and severity 
As shown in the figure above, both roads (International Airport Road & Suwaihan 
Road) demonstrates very high correlation. while the other does not (International 
Airport Road).  
7.4.2 Relationships between accidents and vehicle registrations on both roads 
Figure 7.4 shows a correlation analysis between accidents and vehicle registrations 
on the International Airport (freeway) and Suwaihan Roads (minor arterial highway). 
The plot indicates an    value of 0.4 for International Airport Road and 0.2 for 
Suwaihan Road. Although there is a positive correlation in both cases, this is not 
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highly significant. Therefore, an increase in the number of vehicles on the roads does 
not necessarily result in a highly significant aggravation.  
 
Figure 7.4: Correlation between number of accidents and vehicle registrations 
The test has confirmed that increased numbers of traffic would lead to higher 
numbers of accidents; therefore measures have to be put in place to ensure the rate of 
accident is controlled and kept at an acceptable level. 
7.4.3 Relationships between accidents and speed violation 
It is also vital to confirm the significance of the relationship between the number of 
accidents recorded and the volume of speed violations. Figure 7.5, below, presents 
the correlation analysis between these two variables for both roads under 
consideration. The    value for the International Airport Road (freeway) is 0.95 
while the corresponding value for Suwaihan Road (minor arterial highway) is 0.04. 
The relationships generated are quite contrasting. The value for International Airport 
Road (freeway) indicates a very strong relationship, while Suwaihan Road (minor 
arterial highway) signifies a weaker one. The weaker relationship on Suwaihan Road 
may be as a result of the high volumes of traffic, compared to low level of accidents. 
Another possibility for that results may be related to the distance and the access 
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control of each of them; whereas Suwaihan Road is 62km and has partially 
controlled access, on the other hand, International Airport Road is 13km, and has 
fully controlled access. (see Table 1, Appendix H).  
 
 
 
 
 
Figure 7.5: Correlation between number of accidents and speed violation 
7.5 Limitations and conclusion 
It cannot be denied that the aim of the chapter – to compare the frequency and 
severity of accidents on major roads in Abu Dhabi before and after the model, which 
was the technology cameras were installed – have been achieved successfully. 
However, there are some limitations that were faced in the course of data collection 
for the study. The major limitation that was faced was lack of accessibility to data on 
specific parts of the two roads that were used. It would be noted that on different 
distances of the same roads, there were different dates and times that speed cameras 
were installed. Meanwhile when it comes to data on the frequency and severity of 
accidents, they were given for the entire roads instead of giving them according to 
specific parts on the road. This made it difficult to have a year-to-year comparison 
based on different times in which the speed cameras were installed for various parts 
of the road. This limitation was, however, overcome by finding the most proximal 
average of time when most of the cameras were completed. In conclusion, it would 
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be said that there are various significance levels of accidents and severities recorded 
on the International Airport Road (freeway) and Suwaihan Road (minor arterial 
highway). The frequency of accidents on both roads was found to be significantly 
influenced by the first installation of speed cameras in 2004 but less influenced 
during the second installation in 2010. The severity of accidents was more influenced 
positively by the installation of speed cameras both in the first and second 
installation rounds, with the exception of the second installation on the Suwaihan 
Road (minor arterial highway) where the influence of the cameras did not have 
positive impacts. This inefficiency was attributed to the higher volume of traffic. 
Comparison between the trends in the effect of the speed cameras on both roads 
generally showed a decline in number of incidents, thereby indicating that 
installation of speed cameras has helped to control traffic and subsequently reduced 
the number of accidents. Although the data available for speed violations was rather 
limited, it was shown that speed violations have continued to reduce in the Suwaihan 
Road (minor arterial highway) and slightly increased on the International Airport 
Road (freeway). Therefore it would be effective to install more speed cameras on 
International Airport Road to help alleviate this slight increase. Given the high 
positive correlation between violations and accident occurrences, this will have a 
positive impact on the overall safety performance of the specific road. Moreover, the 
findings from this chapter have been used in designing the framework, especially 
highway classification, and ITS bar chart in the assessment stage as shown in Figure 
8.1. 
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CHAPTER EIGHT: 
 
Results 
 
8 Design of a decision support framework  
8.1 Introduction  
Based on the literature reviewed and the fieldwork aimed at ascertaining the extent of 
serious road traffic accidents in Abu Dhabi highways, it has been deduced that there 
is indeed a very high incidence level that requires immediate intervention. This 
chapter of the study is dedicated to designing a decision support framework that is 
designed to advise the deployment of traffic safety technologies in Abu Dhabi 
highways, and will be used in addressing the problem of high levels of serious road 
traffic accidents in Abu Dhabi highways, and can be used to advise a sustainable 
regional safety strategy. The framework is therefore to serve as interventions that can 
be used in a real-world situation by authorities in curbing the rising incidences. As 
will be presented in subsequent sections of the chapter, the framework has been 
designed based on the current situation of the traffic safety technologies 
implementation in Abu Dhabi. This was done through two major stages, which are 
the assessment and development stages. These two major stages were further broken 
down into five steps, which form the main components or specifications of the 
framework. Also, eventually, the model comes at the end of the assessment stage as a 
more accurate identification of the subsystems that are recommended to be used 
according to the highway classification and the rate of severity. In this chapter, the 
factors considered before including each of the components will be made known. 
The chapter will conclude with a justification given on why the framework is 
appropriate in relation to the overall aim of the study. 
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8.2 The aim of the framework  
The framework was designed with a specific aim that relates to the overall goal of 
the study. This aim was to develop a new system that can work perfectly with 
existing subsystems that are already in use in Abu Dhabi, and to be used to advise the 
regional safety strategy to be sustainable. This new system to be developed was to be 
used as the intervention for the identified problem in the study. As spelled out in the 
first chapter of the study, the problem of high severity and frequency of accidents on 
most highways in Abu Dhabi was identified. Even though the rate and severity of the 
accidents varied from one highway to the other, the average rate and severity 
calculated for all the highways was found to be very high when compared to 
international requirements and standards (Bell and Morse, 2008). This was the 
motivation behind the designing of the framework to work in line with existing 
subsystems used in Abu Dhabi highways. As far as subsystems are concerned, it 
would be noted that the commonest technologies that are now being used are speed 
cameras.  
8.3 Current situation and the difference in this new contribution 
As a matter of urgency, there is a need to address the issue of scarcity of traffic 
safety technology devices, except speed cameras, on Abu Dhabi highways. Also, 
there is no framework for the deployment of traffic safety technologies that existed in 
Abu Dhabi, which could lead to developing a decision support framework based on 
the analysis of serious road traffic accidents on highways in Abu Dhabi. The design 
framework can improve the traffic safety on the highways in Abu Dhabi effectively, 
while it focuses on the all road safety elements such as, improving drivers‘ 
behaviour, deterring drivers from traffic offences, mitigating impacts of adverse 
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weather conditions on safety , reducing dangers from road works and detours, 
increasing driver awareness about road hazards, and dispensing traditional 
notifications about accidents. 
The differences in this new contribution of the framework compared to the previous 
positions are identification of safety factors (the rate of highway severity) and the 
highway classifications, which were carried out in the assessment stage of the 
framework. Also, this framework covers all necessary elements, including 
preparation and data collection, assessment, assets and project management, system 
development, system operation, and improvement process. 
8.4 The logic and data flows of the traffic safety technologies framework  
Figure 8.1: Logic and data flows of the traffic safety technologies framework 
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The above figure summarizes the logic and data flows of the traffic safety 
technologies framework, and it clarifies the link between the findings of the previous 
chapters and the framework. As shown in the figure, there have been several tasks 
that have been carried out as part of the larger research. Some of these include 
engaging in literature review studies, the preparation and administration of 
questionnaires, undertaking the before-after method, and focus groups. In this section 
of the chapter, the link that can be found between the different tasks that were 
performed and the components of the framework as outlined in the section below is 
presented.  
The logic of the data collection and classification stage, and the preparation stage 
underlying relationship, is based on the background done for this research, which is 
related to the data collection and stakeholder coordination in Chapter 1 of the thesis.  
As far as the project tasks are concerned, there is a direct linkage between the 
literature review and the fieldwork (questionnaires) and the system development 
stage in the framework. The linkage is that each of them was used to collect specific 
information involved with the designing of this framework part. This component is 
more related to Chapters 2, 3, 5, and 6 in the thesis.  
Based on the information collected through the study before designing the 
framework (before and after method), it was possible to classify all highways and 
also have information on these highways in terms of the number of accidents and 
severity of accidents recorded on them (highway severity). Particularly on the 
before-after method, this was a method that brought the research to terms with the 
real impact of road traffic safety technologies on the highways. This is because while 
engaging in this task, the researcher measured the extent of accidents by way of 
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severity and frequency on different categories of highways in Abu Dhabi. In the 
course of engaging in this task, which was highly practical and involved fieldwork, 
the available assets or technologies currently available on the highways were 
exposed. This part of the work linking directly to the assessment stage of the 
framework and that can be found in Chapters 4 and 7 in the thesis.  
The experts‘ and drivers‘ questionnaires could also expose the researcher to 
technologies that will be needed but are not currently in place. It was based on the 
knowledge gathered through these tasks that the traffic safety technologies model, 
and system development stage component of the framework, was successfully 
developed. Also in the implementation of the model deduced from the framework, it 
is expected that the previous knowledge will be used very effectively in that 
component. This part is related to Chapters 5 and 6 in this thesis.  
The assessment stage, system development stage, and the model are the most 
involving components of the framework in terms of what needs to be done to enrol 
the framework in practice. The demand for these components can, however, be 
understood given the fact that it is at the development stage where the framework 
was expected to be put in practice in solving identified problems associated with the 
problems that affected the traffic safety in Abu Dhabi. For example, before the 
researcher could select the right subsystems to use in each case or classification of 
highway, it was necessary that the traffic safety technologies were critiqued through 
the fieldwork. From that, instances and situations that merit the use of each of the 
subsystems or technologies was identified.  
In regard to the system operation stage, which outlines and arranges the performance 
of traffic safety technologies in the practice and flow of treating any traffic safety 
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problem in Abu Dhabi highways until back to normal, its design depends on the best 
practice found from the literature review in Chapters 2 and 3 in the thesis.  
Finally, the asset management stage and project management stage were added to the 
framework from the feedback that came from the experts in the validation stage, and 
they are peripheral to this study and they will be a good opportunity for a future 
study.  
It can be concluded from this discussion and in simple terms, that the background, 
literature review, questionnaires, before and after model, experts‘ feedback and 
validation (focus group) have set the basis for the framework to be done with much 
ease. 
8.5 Employing systems thinking to major stages of designing the framework 
In order to ensure that the design of the framework was done following a scientific 
process, the "systems thinking" approach was adopted for the development of the 
traffic safety technologies framework. As noted by Senge (1990), systems thinking 
employs a holistic approach to analysis, with a focus on how the system‘s individual 
parts and components interrelate and how the systems work over time and within the 
context of larger systems. In effect, with the use of the systems thinking approach in 
designing the framework, it is very clear how the different components of the 
framework are linked together. Moreover, different parts of the system to be created 
depend on several tasks that have been carried out as part of the larger research. 
Some of these include reviewing the related literature, preparation and administration 
of questionnaires, undertaking the before-after method, and engaging in focus group 
study. After this was done, the researcher focused on how each of the identified parts 
or constituents of the framework interrelates for achieving the collective goal of 
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minimising road traffic accidents in the highways through the use of traffic safety 
technologies. More importantly, the systems thinking approach ensured that the 
eventual framework that was designed could fit into the larger world of scientific 
systems. The systems thinking approach informed the requirement that the 
framework should have two components, namely "assessment stage" and 
"development stage". How each of these two stages was used in line with the 
methodological reasoning behind systems thinking has further been enumerated. 
The first stage of the overall designing of the framework was the assessment stage. 
As found with the definition of systems thinking, it was important that the different 
parts or components that would come under the framework be all identified (Capra, 
2011). Ackoff (2010) observed that when using systems thinking to design scientific 
frameworks, one core outcome that can be expected is that every possible component 
that can serve the aim of the designer will be found as part of the eventual 
framework. Even though this is a positive aspect of systems thinking, Senge (1990) 
opined that the researcher has to deliberately undertake certain specific tasks so as to 
ensure that no useful component is left out in the framework design. In heeding to 
this advocacy, the assessment stage of the designing was used to decide on which 
subsystems should be used in the framework. This was done with the understanding 
that the created framework was going to deal with both existing and new highways. 
The assessment stage was carried out in two major steps, which were identification 
of safety factors (the rate of highway severity) and the highway classifications, and 
identification of underlying relations between the subsystems and the traffic safety 
dimensions. In subsequent sections, these two steps shall be explained in detail. 
Generally though, the two steps ensured that every necessary component of the 
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framework was identified. The steps led to the identification of several components 
that could be handled within the timeframe of the project. As a result of this, the 
effectiveness of the different subsystems was used as a strategy for limiting or 
cutting out the parts or components. The effectiveness analysis was done in such a 
way that the level of input of every subsystem that was going to come into the 
framework, as against the output that would be gained from it, was weighed implicit 
in both factor analysis and Friedman tests for drivers‘ and experts‘ questionnaires. 
The weightings showed that some subsystems would be more beneficial than others, 
through trade-off between them using the techniques mentioned; also in terms of the 
subsystems that were going to be part of the framework, and eventually the model 
comes at the end of the assessment stage. 
The second stage was the system development stage. As the name implies, this was 
the stage that became practical with the designing of the framework. This is because 
the development stage required that subsystems or components that had been found 
be put to practical work. The development stage would be found to correspond 
directly to the second part of the definition of systems thinking, where reference is 
made to interrelating parts. As noted by Beer (2012), in the use of systems thinking, 
the most desirable goal of the researcher is not to make each isolated part functional. 
Rather, the researcher looks at how collective functioning can be attained by inter-
relating the parts of the system (Capra, 2011). This was a principle that was carefully 
factored at the development stage. By inter-relating the parts of the systems that were 
found at the assessment stage, the researcher achieved a benefit whereby the 
collective functions of the parts were produced. At the development stage, the 
components or subsystems forming the framework were interrelated through three 
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major steps. These steps were designing a comprehensive framework, adapting to 
Abu Dhabi highways, and validating the design framework. In later sections of the 
chapter, these three steps and how each of them was used will be explained in detail.  
8.6 Operation of the different components of the framework  
This section of the chapter is dedicated to outlining, in plain terms, the operations or 
uses of each of the components of the framework that was designed. Once each of 
the steps shown in Figure 4.4 in Chapter 4 were completed, and as the systems 
thinking approach informed the requirement that the framework should have, the resulting 
framework and its components are given as in the figure below. 
From the figure of the framework (Figure 8.2), several parts, elements and processes 
can be seen. In addition to the adoption of the systems thinking approach for the 
development of the framework, which gave rise to the assessment and development 
stages, however, it is possible to break the numerous parts, elements and processes 
down into five major components. These five components are data collection and 
classification stage, preparation stage, asset management, project management, and 
system operation stage. It can be seen that the first two components, which are the 
data collection and classification stage and preparation stage, are under the broader 
stage of assessment. The last three stages, which are the asset management, project 
management, and system operation stage, also come under the broader stage of 
development. 
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Figure 8.2: Traffic safety technologies framework for Abu Dhabi highways 
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8.6.1 Data collection and classification stage 
This is the first stage of the framework that was designed. Through the use of the 
process diagram as given below, it is possible to have a vivid understanding of this 
first stage and how it operates within the larger framework. 
                    Figure 8.3: Process diagram for data collection and classification stage 
From the process diagram given on the first component, it would be noted that the 
component functions as the opening stage to either start the processing of an accident 
with the framework or not. This is because the data collection and classification stage 
aims to collect sufficient data that can make it possible to classify an accident that 
has occurred. It is only when the question of whether sufficient data has been 
gathered is answered in the affirmative that the framework can be applied for a given 
accident. By extension, there could be a total determination of the use of the 
framework for a particular accident at the data collection and classification stage. 
Analysing the methodological principles of systems thinking, Beer (2012) 
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emphasised that there is much power in data collection and that the amount of data at 
the hands of the researcher determines how successfully the model can work.  
For the reason given above, if attempting to continue with other components of the 
framework when sufficient data has not been gathered, the framework cannot work. 
Having said this, it is part of the operation of the component to allow for a revisiting 
of all steps within the stage that have been given in the rectangles in the process 
diagram, until sufficient data can be gathered to classify the type of accident 
occurring. Referring back to Figure 8.3, it would be noted that if sufficient data is 
collected, the highway may be classified either as freeway, principal arterial, or 
minor arterial. The developed framework and model were designed based on real 
road accident data collected from the statistical branch of Abu Dhabi Police and the 
data collected from the methods used in this study. The only assumptions made in 
this study were the initial values of the rate of highway severity per million vehicle 
kilometers (R) in the assessment stage in the framework. Each highway category  has 
been subdivided in two subcategories  based on the average value of R, which was 
determined using the data that was collected in 2009-2013 as a starting point for the 
deployment of the framework and model for all highways in the same category in 
Abu Dhabi (above the average and below the average). The two subcategories fall 
into the range of (1≥R≥0.19) or (0.19< R≤0) for freeways, (1≥R≥0.06) or 
(0.06<R≤0) for principal arterials and (1≥R≥0.26) or (0.26<R≤0) for the minor 
arterials. These values can be adjusted based on the feedback that comes from the 
evaluation, reporting, and research studies required for the improvements of the 
framework and model. 
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8.6.2 Preparation stage 
Once it is confirmed that sufficient historical data has been gathered in terms of road 
crash data, traffic data, road asset, driver and vehicle data, and accident medical care 
data, the way will be paved for the second component (preparation stage) of the 
framework to be used. At the preparation stage, the operation of the framework will 
largely be based on engaging and coordinating with stakeholders, partners, and 
clients to gather sufficient knowledge to gain the right assessment of the subsystem 
that should be applied in the case of each individual highway (existing or new one). 
Because at the preparation stage the framework must have collected sufficient data, 
all that will be left to do is to undertake various forms of coordination with the right 
authorities and stakeholders on road traffic regulations. Some of these authorities and 
stakeholders include the Department of Municipality Affairs (ADM), Department of 
Transport (DoT), Abu Dhabi Police (ADP), and Urban Planning Council (UPC), and 
the other partners for traffic safety and the client. As noted by Ackoff (2010), in the 
use of scientific systems, the work of stakeholders is very crucial and important in 
fostering guaranteed outcomes.  
The above point is made because each of these stakeholders bring on board different 
lines and sets of knowledge and competency, needed to ensure that the right 
decisions are taken concerning an event or process (Bell and Morse, 2008). Further, 
up to the results found from the experts‘ questionnaire, the experts also gave 
suggestions on what needs to be done to improve the road safety situation in Abu 
Dhabi. Key among the points they raised included collaborative approaches that also 
include a wide outreach of various stakeholders in the private sector, public sector 
and the media, and strengthening of institutional frameworks to avoid overlapping 
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roles amongst key stakeholders. As can be seen from Figure 8.2, once the data 
collection and classification stage and preparation stage have been successfully 
passed by identifying all the needed data, the way will be paved to go into the actual 
system development stage where the parameters will be set to address the accidents. 
8.6.3 Traffic safety technologies model 
The researcher also worked on the implementation of the framework on an Excel 
spreadsheet (model). While doing all this, the researcher ensured that the 
implementation was linked to the specifications illustrated in Figures 4.4 and 8.2. In 
this section of the chapter, the link that can be found between the model as given in 
Tables 8.1 to 8.6 and the framework as illustrated with the figures is presented. On 
the whole, it is found that the model work depends on the assessment stage. What is 
more, based on the entry data which comes from the data collection and 
classification stage, and preparation stage, it is possible to determine the rate of 
highway severity per million vehicle kilometres (R), and the highway classification 
(is the highway classified as freeway, principal arterial, or minor arterial). From the 
last two pieces of information produced above, and using the assessment stage in the 
framework, it is possible to determine the subsystems that need to be recommended 
to use to improve the traffic safety in a particular highway (refer to Tables 8.1 to 
8.6). Another relation between the model and the framework is that the model gives 
out results which are the recommended tools and devices that can be used in each 
subsystem, up to the results of the fieldwork done in this research (drivers‘ and 
experts‘ perceptions). In addition to that, when designing the framework, the 
researcher synchronised the framework and the model with the turn of events on the 
Abu Dhabi highways. The adaptation was achieved with a lot of reference made to 
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the before-after method. This was because the result of this technique helped in 
clearly knowing the effectiveness of the traffic safety technologies in different 
highway categories. The traffic safety technologies model is located in a Microsoft 
Excel file in the attached CD in Appendix (J).   
8.6.3.1 Operation of the traffic safety technologies model  
The model has been tested using different types of highways based on their values of 
R as shown in table 8.1 to table 8.6. Data from different existing sources was taken to 
be used in the traffic safety technology model.  
8.6.3.1.1 Operation of the model on minor arterial highway (First example) 
Table 8.1 shows the entry data that was used for this purpose on existing highways in 
Abu Dhabi. 
Table 8.1: Entry data for traffic safety technologies model (first example) 
 
 
 
 
 
 
 
 
Based on identified problems faced on the existing highways as given in Table 8.1 
and up to the result of (R=0.33 which, >0.26, and it is a minor arterial highway), 
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some subsystems were recommended to be used in addressing some of these specific 
problems. The outcome of these recommended subsystems have been given in Table 
8.2 with the specific approaches to implementing them.  
Table 8.2: Results of traffic safety technologies model - the recommended subsystems 
(first example) 
 
8.6.3.1.2 Operation of the model on principal arterial highway (second example) 
A second example showing entry data used for the traffic safety technologies models 
has been presented in Table 8.3. From the table, it can be seen that the classification 
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of the highways was principal arterial, which was expected to have enough 
technologies to minimise accidents. However, the total number of fatalities and 
injuries per the reviewed time period was as high as 2220 against 34,711 annual 
average daily traffic. 
Table 8.3: Entry data for traffic safety technologies model (second example) 
 
From the results produced from the second model which was for a principal arterial 
road and the R=0.10 which, >0.06, specific subsystems and their approach to 
applying them was produced in Table 8.4. 
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Table 8.4: Results of traffic safety technologies model - the recommended subsystems 
(second example) 
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8.6.3.1.3 Operation of the model on freeway (third example) 
A new example used was based on Abu Dhabi – Dhabi (Al Saduat) highway, where 
a classification of freeway was found. On the freeway, Table 8.5 shows that there 
were only a total of 92 fatalities and injuries per the reviewed time as against annual 
average daily traffic of 40,567. 
Table 8.5: Entry data for traffic safety technologies model (third example) 
 
With the trend of fatalities and injuries found from the third model (R=0.04 which 
<0.19, and it is a freeway), the subsystems given in Table 8.6 were used with their 
accompanying modalities of application. 
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Table 8.6: Results of traffic safety technologies model- the recommended subsystems 
 (third example) 
 
8.6.4 Assets management stage 
From Figure 8.2, it is seen that in order to use the framework to address specific 
traffic safety technologies systems from which data has been collected and 
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coordination made, there are some assets that must be used. To ensure that the 
system is used in a manner that avoids haphazard utilisation of any of these assets, 
the assets management component was introduced as part of the framework. The 
process diagram helps to understand how the assets management component will be 
used at the system development stage.  
Figure 8.4: Process diagram for assets management 
Based on the process diagram in Figure 8.4, the operation of the assets management 
component comes out clearer. This is because it is seen from the figure that as part of 
the assets management component, there should be guarantee that sufficient assets 
have been gathered before accident management can begin. Indeed figure 8.2 shows 
that the management of accidents will be focused on very specific outcomes that are 
related to the use of the subsystems. Some of these outcomes include dealing with 
the accidents themselves, noise pollution, driver support, high speed, congestion, air 
pollution, clearness view, bad driver behaviours, detours, emergency response, and 
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design shortfall. These outcomes are very important because they address each 
accident not only as solutions but also as preventive mechanisms for future 
occurrences. Because of the important place of the accident management outcomes 
that are expected from the system, one cannot expect effective returns if all assets 
needed to enrol the accident management are not in place. It is for this reason that the 
assets management component was introduced in the framework to operate as a way 
of gathering all needed assets to make road traffic accidents management possible. 
8.6.5 Project management stage  
The project management component of the framework helps to manage all the 
processes and activities of the project, including the planning management, cost and 
finance management, execution management, operation management, time 
management and information management to achieve the goals from traffic safety 
technologies framework to reduce fatality and injures in the Abu Dhabi highways. 
Figure 8.5: Aspects of the project management component 
As can be seen in Figure 8.5, the first point of call as part of the project management 
is to undertake planning management. This planning management is modelled in 
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such a way that it assigns resources and personnel to the project from the time of its 
start till the project is totally finished. The planning management will, however, not 
involve any practical actions being taken (Bender, 2010). After the planning, the cost 
of managing the project will be known and so the cost and finance management task 
will follow. This will be the first practical stage where money and resources are 
given to personnel based on the details from the planning management stage. At the 
execution management stage, the real act of managing the project will be undertaken. 
In the cause of executing the project management, operations management will be 
taking place in the background to ensure that things are being done in a manner that 
was planned at the planning management level. Time management will also be taken 
into consideration, given the relationship between timing and traffic safety. 
8.6.6 System operation stage  
As can be seen in Figure 8.6, which shows the flows of treating the problems that 
may occur and affect the traffic safety in Abu Dhabi highways until it is back to the 
normal case, the normalcy is, however, expected to come about as a process rather 
than an event. What this means is that several tasks must collectively be undertaken 
in order to bring the situation to normal. Some of the tasks include decongesting the 
accident site, ensuring clearness of view, reducing noise and air pollution, reducing 
speed by other road users, checking bad driver behaviour, delivering emergency 
response, using detectors, sensors and traffic surveillance, giving education and 
awareness to all road users, making road users aware of detours and design shortfalls, 
sending out warning and education messages to people who may likely be affected 
by the presence of the accident, as well as the provision of driver support. 
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Figure 8.6: Flows of treating the problems related to traffic safety in Abu Dhabi highways 
8.6.7  System improvement  
System improvement helps to secure the sustainability of the framework. What is 
more, continuous evaluation and reporting, designed to get feedback for periodic 
advancement of the framework, can be done twice every year. As noted by Frampton 
(2013), road traffic safety issues show much dynamism, and change with the 
changing variables of society. For this reason, relying on a single framework for a 
long time cannot be very effective. This is because changes on the ground pertaining 
to the needs of road users and changes to the highways may render the framework 
unsuitable at certain times. To ensure the sustainability of the framework, therefore, 
periodic revision based on thorough research and development is needed. More 
specifically, this can be done every two years. 
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Figure 8.7: Flows of improvement process for the traffic safety technologies 
framework 
8.7 Conclusion  
This chapter of the study has been used to explain the work that went into the 
designing and formulation of the framework used as intervention for the identified 
research problem. In previous chapters, the problem of high frequency and high 
severity of serious road traffic accidents in Abu Dhabi highways was identified. Also 
there is no framework for the deployment of traffic safety technologies that existed in 
Abu Dhabi, which led to developing a decision support framework and model based 
on the analysis of serious road traffic accidents on highways in Abu Dhabi. The 
framework and the model were expected to function together with existing 
subsystems, particularly speed cameras on the highways. 
The researcher adopted a scientific methodology in the form of system thinking in 
justifying the steps used in designing of the traffic safety technologies framework. 
This was done through two major stages, which are the assessment and development 
Framework 
deployment
Research 
Studies
Sustainability of the framework 
gained
ReportingEvaluation Improvement
Yes
Twice every year
Every 2 years
 
Chapter 8 Results: Design of a decision support framework 
  
 
218 Musallem Al Junaibi, PhD Student, 2013 
 
stages. These two major stages were further broken down into five stages, which 
form the main components or specifications of the framework. Also, eventually the 
model came at the end of the assessment stage as a more accurate identification of 
the subsystems that are recommended to be used according to the highway 
classification and the rate of severity. The difference in this new contribution in the 
framework compared to the previous positions are identification of safety factors (the 
rate of highway severity) and the highway classifications, which were carried out in 
the assessment stage in the framework. 
The only assumptions made in this study are the values of the rate of highway 
severity per million vehicle kilometers (R) in the assessment stage in the framework. 
These values were determined in the framework for the average value of R for all 
highways in the same categories in Abu Dhabi, using the data that was collected in 
2009-2013 as a starting point for the deployment of the framework and model. These 
values can change according to the feedback that comes from the evaluation, 
reporting, and research studies that help to secure the sustainability and the 
improvements of the framework and model. 
With the benefits of this technique, it can be concluded that the framework and the 
model were designed in such a way that conforms to scientific practices and thereby 
guarantees that the outcome with the use of the traffic safety technologies framework 
and model will be both effective and efficient.
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CHAPTER NINE: 
 
Validation 
 
9 Validate the design framework through Abu Dhabi highways  
9.1 Introduction   
In the previous chapter, the processes and activities that went into the designing of 
the framework were spelled out to be used in minimising the serious road traffic 
accidents in Abu Dhabi highways. The designing process compromised several steps 
including the validation of the framework. The framework validation was performed 
after the decision support framework was design to advise the deployment of traffic 
safety technologies in the Abu Dhabi highways. The validation process was a very 
crucial part of the whole research work. This is because of the nature of the 
framework, which was an intervention-based framework. What this implies is that 
the researcher designed the framework with the specific purpose of correcting an 
issue that had been persistent for years. Because of the need to correct the situation, it 
was important that the researcher would validate the framework to be assured that it 
could help curb the menace on the Abu Dhabi highways, and could be used to advise 
the regional safety strategy to be sustainable. 
9.2 Outcome of validation process  
In this chapter of the study, a detailed presentation, analysis and discussion of the 
outcomes drawn from the validation exercise shall be given. The validation process 
took place with the use of a focus group method, and a questionnaire was designed to 
question the experts who participated in the focus group. The questionnaire 
contained 12 major questions. 11 of the questions were closed-ended quantitative 
questions whilst the remaining one was an open-ended qualitative question. Each of 
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the quantitative questions were scored on scale of 1 to 5, represented by disagree, 
somewhat disagree, neither agree nor disagree, somewhat agree, and agree. The 
higher the rating from the respondents, the more formidable the validation could be 
said to be. The results from the validation process have been presented and discussed 
below.  
9.3 Easy to understand the framework  
The respondents were asked to validate the framework in terms of how easy it was to 
understand it. In Table 9.1 below, the outcome of respondents‘ opinions on this 
question are presented. 
Table 9.2: Validation of ease of understanding the framework  
Response Frequency Percentage (%) 
Disagree 
Somewhat disagree 
Neither agree nor disagree 
Somewhat agree 
Agree 
0 
0 
0 
3 
7 
0 
0 
0 
30 
70 
Total 10 100 
 
From Table 9.1, it is seen that there was a great endorsement for the framework as 
being easy to understand. This is because the modal rating received among 
respondents was ‗agree‘, which could be scored as 5 out of 5. This modal rating was 
answered by seven experts, representing 70%. Three experts, representing 30%, also 
said the framework was somewhat easy to understand because they selected 
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‗somewhat agree‘. The indication of this result is that when used, it will not be 
difficult for stakeholders to understand how the framework works. 
9.4 Potential of framework to improve traffic safety  
After confirming that the framework was easy to understand, the researcher went 
ahead to ask the respondents if they were confident the framework could be used to 
improve traffic safety in Abu Dhabi Highways. The answers from the respondents 
have been presented and discussed below. 
 
Figure 9.1: Using framework can improve traffic safety 
Figure 9.1 shows a unanimous decision regarding the potential of the framework and 
the model to improve traffic safety in Abu Dhabi Highways when used. This is 
because all 10 respondents, representing 100%, said they agree the framework had 
that potential. Academy staff (2014) observed a direct relationship between improved 
traffic safety and the number of accidents by saying that the higher the improvement, 
the lower the rates of accidents. This is a confirmation of the potential of the 
framework and the model to help in reducing the number of accident cases in Abu 
Dhabi. 
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9.5 Suitability of framework for improving drivers‟ behaviour  
The opinion of respondents on the suitability of the framework to improve drivers‘ 
behaviour are presented in Table 9.2 below. 
Table 9.2: Framework suitable for improving drivers' behaviour 
Response Frequency Percentage (%) 
Disagree 
Somewhat disagree 
Neither agree nor disagree 
Somewhat agree 
Agree 
0 
0 
1 
2 
7 
0 
0 
10 
20 
70 
Total 10 100 
The highest-scoring response was ‗agree‘, which was selected by seven respondents, 
representing 70%. However, there was one respondent, representing 10%, who was 
pessimistic and therefore neither agreed nor disagreed. Two respondents, 
representing 20%, somewhat agreed with the proposition that the framework was 
suitable for improving the drivers‘ behaviour. What was impressive was that none of 
the respondents said they disagreed or somewhat disagreed with the suitability of the 
framework for improving drivers‘ behaviour. What is interesting to note from the 
literature is that the Global Burden on Disease (GBD) 2013 Mortality and Causes of 
Death, Collaborators (2014) opined that drivers are major stakeholders in ensuring an 
accident-free campaign. This is because the behaviour of drivers accounts for most 
cases of accidents. By inference, it is a positive sign that up to 70% of the 
respondents confirmed the framework‘s suitability to improve drivers‘ behaviour. 
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9.6 Suitability of framework in reducing accident frequency and severity 
The respondents were asked if, based on previous confidence expressed in the 
framework, they believed the framework would be effective in reducing accident 
frequency and severity on Abu Dhabi Highways. To this, there was 100% 
endorsement of the fact that the framework was going to be an answer to frequent 
and severe accidents. Details of results have been presented below. 
 
Figure 9.2: Framework can reduce accident frequency and severity 
In discussing the results in Figure 9.2, it can be said that the framework requires 
every implementation support. This is because of the 100% endorsement from all 10 
respondents who responded to the questionnaire. This high level of validity and 
confidence expressed in the framework can be attributed to the approach of its 
design. This is because the framework factors all potential causes of accidents as 
well as potential subsystems that can be used in minimising or stopping these 
accidents. 
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9.7 Suitability of framework in increasing driver compliance with speed 
limit 
Speeding has been noted to be a major cause of accidents in Abu Dhabi (Academy 
staff, 2014). Because of this, there are existing technologies that seek to check 
speeding. The problem, however, has to do with the fact that there are instances 
where speed limits have been exceeded without blaming the drivers. As a result, 
compliance levels to speed levels are low. It was based on this that a question was 
posed on the ability of the framework to increase compliance with speed limits. The 
results gathered have been presented below. 
Table 9.3: Framework can increase driver compliance with speed limits 
Response Frequency Percentage (%) 
Disagree 
Somewhat disagree 
Neither agree nor disagree 
Somewhat agree 
Agree 
0 
0 
0 
2 
8 
0 
0 
0 
20 
80 
Total 10 100 
 
Out of 10 respondents, eight of them, representing 80%, indicated that they agree 
that the framework was suitable in enforcing compliance. Two respondents, 
representing 20%, said they somewhat agree. No respondent doubted the framework 
in ensuring speed limit compliance. This shows a high level of validation of the 
framework that was designed in terms of speeding compliance.   
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9.8 Suitability of the framework in mitigating impacts of adverse weather 
conditions on safety  
The GBD 2013 Mortality and Causes of Death, Collaborators (2014) mentioned 
weather as one of the natural causes of accidents. Such accidents, however, occur 
when drivers are not aware of the type of weather conditions to expect and thus get 
onto the road at the wrong times. Knowing this, elements of weather prediction were 
put in the framework and model, and given to the respondents to validate the 
suitability of the framework in mitigating the impact of adverse weather conditions 
on Abu Dhabi Highways. From Table 6 below, it is seen that this is one area where 
there were not very many people expressing optimum confidence. This is because, 
unlike other areas validated, there were only six respondents, representing 60%, 
saying they agree. Two respondents, representing 20%, each said they neither agree 
nor disagree, and somewhat agree. 
 
Figure 9.3: Framework can mitigate impact of weather on safety 
Disagree
Somewhat
Disagree
Neither
agree nor
disagree
Somewhat
Agree
Agree
Suitable for mitigating the
impact of  adverse weather
conditions on the safety of Abu
Dhabi Highways
0% 0% 20% 20% 60%
0% 0% 20% 20% 
60% 
0%
10%
20%
30%
40%
50%
60%
70%
Suitable for mitigating the impact of  adverse weather conditions 
on the safety of Abu Dhabi Highways 
 
Chapter 9 Validation: Validate the design framework through Abu Dhabi highways 
 
 
226 Musallem Al Junaibi, PhD Student, 2013 
 
The indication of the results from Figure 9.3 shows that the researcher ought to focus 
on putting more systems in place that will boost public confidence in terms of 
mitigating the impact of adverse weather on safety.  
9.9 Suitability of framework for deterring drivers from traffic offences  
Because rules and regulations regarding road traffic are made to prevent accidents, 
driver compliance to these is a sure way to ensure safety. However, there are 
instances where drivers commit offences with impunity because there are no strict 
punishments for them (Ray and Santos, 2002). Other times, drivers are not punished 
at all because they are never caught. Broughton and Walter (2007) however posited 
that when offenders will be caught and punished, it will serve as a deterrent to others. 
Because of this, the researcher asked respondents to validate the framework in terms 
of its suitability in deterring drivers from traffic offences. Their answers are given 
below. 
Table 9.4: Framework can deter drivers from offending 
Response Frequency Percentage (%) 
Disagree 
Somewhat disagree 
Neither agree nor disagree 
Somewhat agree 
Agree 
0 
0 
0 
3 
7 
0 
0 
0 
30 
70 
Total 10 100 
Table 9.4 shows that seven respondents, representing 70%, agreed the framework 
would promote deterrence from offences. The remaining three respondents, 
representing 30%, somewhat agreed. This shows positive confidence in the 
framework when it comes to deterring highway offenders. 
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9.10  Suitability of framework for reducing dangers from road worker and 
detours 
In most cases, there are engineers working on the highways. At other times, there are 
temporary works taking place on the road. All these are things that have some 
potential in posing danger to other road users and must therefore be checked 
(Mokdad et al., 2004). The framework was therefore designed with this in mind and 
presented to the respondents to validate. Their responses are found in Figure 9.4. 
 
Figure 9.4: Framework can reduce danger from road workers and detours 
There were an improved number of respondents saying they were confident the 
framework had been designed in a way that could guarantee less danger posed from 
engineering, design shortfalls, and temporary work zones. This is because eight 
respondents, representing 80%, said they agreed, whilst two respondents, 
representing 20%, said they somewhat agreed. This result can be said to have been 
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achieved as the framework was designed in such a way that recognises inputs from 
most external stakeholders, including engineers and road designers. 
9.11  Suitability of framework for increasing driver awareness about road 
hazards  
It is said that knowledge is power. This implies that when drivers have sufficient 
knowledge and awareness about hazards on the road, they can become positive 
agents in preventing accidents (Ray and Santos, 2002). It was for this reason that the 
framework was designed to help improve driver awareness on road hazards and 
presented to the respondents for validation. For the first time, it was seen that there 
was a respondent who disagreed with the premise of the researcher, as one person, 
representing 10%, said he disagreed. Another one person, representing 10%, said he 
somewhat agreed. Most importantly, however, there were eight people, representing 
80%, who said they agreed. This shows a majority endorsement for the framework in 
increasing driver awareness on road hazards. Detailed results are given below. 
Table 9.5: Framework can increase driver awareness of road hazard 
Response Frequency Percentage (%) 
Disagree 
Somewhat disagree 
Neither agree nor disagree 
Somewhat agree 
Agree 
1 
0 
0 
1 
8 
10 
0 
0 
10 
80 
Total 10 100 
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9.12  Suitability of framework for dispensing traditional notifications about 
accidents 
When asked if the framework and the technologies that backed it were effective in 
dispensing traditional notifications about accidents, two respondents, representing 
20%, said they somewhat agreed, whilst eight respondents, representing 80%, said 
they agreed. Detailed results are given below. 
 
Figure 9.5: Framework can dispense traditional notification about accidents 
As opined by Mokdad et al. (2004), most drivers are more conversant with traditional 
notifications and so the fact that this variable was successfully validated means it 
would be an avenue for enhancing road safety. 
9.13  Ability of framework to support decision-making 
When decisions are made in an effective environment, it is always possible to be 
guaranteed a high level of safety. Broughton and Walter (2007), however, 
admonished that such decisions can only be considered effective when they send the 
right form of information within the right timeframe. Based on this, respondents 
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were made to validate the framework on its ability to support decision-making. As 
Figure 9.6 shows, there was 100% endorsement for the framework in doing this. 
 
Figure 9.6: Framework can support decision-making within the traffic safety organisation 
9.14  Overall opinion of respondents on the framework  
When an open-ended question was posed to the respondents to critique the 
framework, it was noted that there were more positive remarks that showed that the 
respondents would recommend the use of the framework. These recommendations 
came against the backdrop that respondents felt that the framework was dynamic, 
will help raise and improve traffic safety, will reduce accidents, were well presented, 
and enhanced good management strategy. Meanwhile, one respondent said he had 
reticence about the framework since the assessment stage is not as clear as the other 
stages. Based on this, a recommendation is made to improve the assessment stage 
and also to ensure that the impact of the framework on weather can be improved. 
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9.15 Conclusion  
The purpose of this chapter was to validate the framework that was designed. The 
validation process was well planned and thus based on the focus group research 
design. The respondents were made up of 10 traffic safety engineers, all of whom 
have more than 10 years of working experience in traffic safety in Abu Dhabi. The 
focus group took place by the use of questionnaire as the major data collection 
instrument. Using the questionnaire ensured that each respondent was presented with 
the same set of questions they could answer towards the validation of the framework. 
On the whole, the questionnaire sought to find how appropriate the framework was 
in checking misbehaviour on the road through the use of technology. It also sought to 
find how easy it will be to use the framework. The outcome of the validation process 
showed that respondents were highly pleased with the framework that was designed. 
With this outcome, it is possible to conclude that the researcher is set to use this 
decision support framework as an intervention in helping curb the problem of serious 
road traffic accidents by advising the deployment of traffic safety technologies in the 
highways in Abu Dhabi, and the region. Up to the results found from the validation 
we can conclude that the design framework can be used to advise the regional safety 
strategy to be sustainable. The results produced in the above tables and figures have 
shown a great endorsement for the framework, which is a clear indication of 
validation by the experts.  
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CHAPTER TEN: 
Conclusion and Recommendations 
10 Conclusion and recommendations 
10.1 Summary of major findings  
As can be seen in the first chapter of the study, the researcher went into the study 
with the aim of finding the relationship between the use of traffic safety technologies 
and serious road traffic accidents in Abu Dhabi highways. As part of the aim, seven 
major objectives were set to be pursued. Different forms of data collection exercises 
were used, including questionnaires, before and after methods, and focus group to 
collect primary data to address the objectives of the study. This section of the 
conclusion and recommendations is used to present the major findings that were 
realised from each objective so as to have a basis for drawing conclusions and 
making recommendations for professional practice. 
10.1.1 Review of initial research objectives 
The first objective focused on the examination of the various factors affecting serious 
road traffic accidents. From the data collected from the literature review in Chapter 
2, which discussed the road safety factors in Abu Dhabi and worldwide, the first 
objective was covered. All studies mentioned in this chapter support the importance 
of continually allowing for the introduction of innovations in relation to traffic 
safety. As some countries have secured these innovations and improvements, Abu 
Dhabi has also attempted to provide and secure these improvements. Clearly, efforts 
to focus more on the road safety factors will improve our understanding to take the 
right direction to reduce serious road traffic accidents in Abu Dhabi. It can be 
concluded here that implementing the traffic safety technology devices properly in 
roads and in designing safe vehicles to face serious road traffic accidents through 
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improving the enforcement, drivers‘ behaviour, vehicle and driver safety, 
engineering road defects, and emergency responses, is an area which needs more 
study and focused research. It is hoped that more work here will let us explore the 
relationship between the usage of traffic safety technology devices and serious road 
traffic accidents in Abu Dhabi, especially in the highways. 
In direct relation to the first objective, the researcher set the second object as 
identifying an appropriate framework and a suitable traffic safety technology device 
system that can be used to address the existing traffic technology gap. This objective 
was covered in the literature review of the study, in the third chapter. From this 
objective, the improvements to road safety are being implemented in different parts 
of the world using intelligent safety systems. These systems are considered 
intelligent because they adjust based on road and environmental conditions, as well 
as vehicle and driver qualities. These intelligent safety systems include road quality 
adjustments, weather management systems and driver behaviour adjustments, which 
eventually help keep the roads safe. In effect, evidence relating to the impact of some 
of these systems is not yet conclusive and their impact in terms of driving speed is 
still not verified. Moreover, policies and initiatives on road traffic safety have mostly 
included the strict implementation of road safety laws in areas where these laws are 
already in place, but where these road safety laws are still not set in place, attempts 
to introduce and plan such laws have been established. Speed is the driver behaviour 
factor which has the most significant impact on the occurrence of road crashes. And 
in recent years hand-held mobile devices have significantly affected driver 
behaviour, especially in terms of perception and decision-making. As an important 
factor in traffic safety the available infrastructure is among the main causes of 
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serious accidents, in the areas of poor visibility, wrong design, and missing safety 
tools. Also, emergency management systems have been set in place in the 
management of serious road accidents and reducing their impact. 
In line with the third objective of the study, the study focused on investigating the 
relationship between the use of traffic safety technologies and the drivers‘ behaviour 
in the light of serious road traffic accidents in Abu Dhabi highways. From the results 
gathered from the Abu Dhabi highways drivers‘ questionnaire, which was designed 
to fulfil this objective and covered in Chapter 5, there was a very vivid correlation 
developed where the researcher found that driver behaviour always improved in 
instances where they were aware they were being monitored through the use of speed 
cameras and other forms of traffic safety technology. The study has found that the 
use of enforcement technologies in controlling driver behaviour has gained 
acceptance in many parts of the world, including Abu Dhabi. Whereas more than 
two-thirds of drivers in Abu Dhabi highways strongly agreed or agreed that the use 
of speed cameras has the potential to reduce the number of serious accidents, use of 
variable message signs (VMS) was found to have a greater influence on drivers‘ 
compliance to maintaining speed limits along the Emirate highways. Additionally, 
more drivers were of the opinion that unhidden speed cameras are most effective for 
increasing drivers‘ compliance with speed limits. A large proportion of the drivers 
were supporters of the use of enforcement technologies for mitigating the impacts of 
adverse weather conditions in Abu Dhabi highways. However, the percentage of 
satisfaction with the current efforts in the use of traffic safety technologies to 
mitigate the impact of adverse weather conditions on the safety of highways in Abu 
Dhabi is discouraging. Furthermore, the study showed that intensifying patrols on the 
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roads, speed cameras and variable message signs, additional driver training, lowering 
the speed limit, more CCTV use, and new vehicle safety technologies are effective to 
address reckless driving behaviour in Abu Dhabi highways. As the study showed, 
there is a strong correlation between the effects of enforcement technologies on 
deterrence of driver behaviour with age. Aged drivers showed higher levels of 
adherence than young ones. Also, the effects of enforcement technologies on driver 
behaviour and gender are significantly correlated with female drivers‘ behaviours 
more likely to be deterred by technologies than male drivers. Again, this result helps 
to conclude that bringing on board sufficient sophisticated traffic safety technology 
will guarantee the overall improved level of highways usage discipline.  
For the fourth objective, the researcher examined the direct effects of the use of 
traffic safety technologies on other traffic safety dimensions. The areas of the study 
identified four dimensions for traffic safety, known as the four Es, namely the 
engineering element, enforcement element (traffic control areas), education element 
(awareness and education), and emergency response element (speed of response). 
This objective was matched with the results of the experts‘ survey that collected the 
traffic safety experts' views on the direct effects of the use of traffic safety 
technologies on the other traffic safety elements in Abu Dhabi's highways, covered 
in Chapter 6. In this term the satisfaction level was strongly correlated to the number 
of years of experience the experts have in UAE. There is a considerable satisfaction 
with regard to the existing speed management measures along Abu Dhabi highways. 
However, the satisfaction levels varied with the nationality of the respondents and 
notably low levels of satisfaction were observed amongst the European experts. 
There is a direct effect on enforcement by use of traffic safety technologies in 
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enhancing road safety and ensuring driver compliance to traffic laws. Moreover, the 
experts‘ opinions showed that traditional enforcement tools cannot be replaced by 
using traffic safety technologies, but they can be complementary. However, the 
automated speed management technologies are more effective than conventional use 
of police enforcement officers. The study found that experts support the use of traffic 
safety technologies to address engineering or highways design shortfalls in Abu 
Dhabi highways. Likewise, a majority of experts agreed that traffic safety 
technologies can reduce the dangers posed from temporary work zones (detours) on 
Abu Dhabi highways. The study found a strong correlation between the effectiveness 
of traffic safety technologies and driver training. Further, there was also an equally 
significant strong correlation between the use of enforcement technologies and 
drivers' awareness on road hazards in Abu Dhabi highways. Also, the experts‘ view 
was positive about the use of traffic safety technologies and the effectiveness of 
emergency responses in Abu Dhabi highways. The majority of experts agreed that 
onboard information can improve the response times of emergency vehicles in Abu 
Dhabi. Further, the study also found that there is an equally strong correlation 
between using the new technologies (CCTV, sensors, etc.) and dispensing 
notifications of accidents in Abu Dhabi highways. From the study‘s findings, the 
researcher realised that the other traffic safety elements were better secured and 
protected with the availability of traffic safety technologies in the highways. The 
conclusion of this line of findings is that there is a strong will to improve the current 
state of traffic safety technologies in Abu Dhabi highways, which will bring 
extended advantages to those beyond the direct users of the highways such as drivers 
and passengers. This is because the safety of other traffic elements, including 
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property and the lives of pedestrians, can be protected. This drums home a 
justification for the call of the current state of technologies on the highways to be 
improved. 
The issue of developing an association between traffic safety technologies in the 
highways and accident frequency and severity formed the fifth objective of the study. 
From the results gathered from the study, which adopted the use of before and after 
methods for quantifying the effectiveness of speed cameras in reducing the frequency 
and mitigating the severity of accidents on selected highways in Abu Dhabi as 
covered in Chapter 7, the frequency of accidents on both categories of highways 
(freeway and minor arterial highway) in Abu Dhabi was found to be significantly 
influenced by the first installation of speed cameras in 2004 but less influenced by 
the second installation in 2010. The severity of accidents was more influenced 
positively by the installation of speed cameras both in the first and second 
installation rounds, with the exception of the second installation on the minor arterial 
highway where the influence of the cameras did not have positive impacts. A 
comparison between the trends on the effect of the speed cameras on both types of 
highway generally showed a decline in the number of incidents, thereby indicating 
that installation of speed cameras has helped to control traffic and subsequently 
reduced the number of accidents. Although the data available for speed violations 
was rather limited, it was shown that speed violations have continued to reduce in the 
minor arterial highways, and slightly increased on the freeway representative. Given 
the high positive correlation between violations and accident occurrences, this will 
have a positive impact on the overall safety performance of the specific road. Even 
though the current technologies cannot be described as being advanced, the line of 
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results makes it possible to conclude that indeed bringing on board sufficient 
technologies can make a lot of changes in terms of the number of fatalities and 
injuries recorded. At the same time, this line of results gives an indication of the 
variation of the need for technologies based on different highways in Abu Dhabi. 
However, there are some limitations that were faced in the course of data collection 
for the study. The major limitation that was faced was lack of accessibility to data on 
specific parts of the two roads that were used. Meanwhile, when it comes to data on 
the frequency and severity of accidents, they were given for the entire roads instead 
of giving them according to specific parts of the roads. This limitation was, however, 
overcome by finding the most proximal average of time when most of the cameras 
were completed. 
To achieve connectivity between the previous objectives and the intervention the 
researcher wanted to develop for the study, an objective was set to design a decision 
support framework that can be used to advise the regional safety strategy on how 
traffic safety could be sustainable. This objective was covered in Chapter 8 of the 
thesis, where it can be seen that the framework formulation went through several 
processes, including the identification of safety factors and traffic safety 
technologies, identification of underlying relations, designing a comprehensive 
framework, adaptation of the framework and model to Abu Dhabi highways, and 
validation of the design framework and model. Indeed, the framework formulation 
process alone gives an indication of how systematic and detailed the need to achieve 
improved road traffic safety ought to be. The rationale for this conclusion is that the 
researcher did not have the luxury of just guessing what the framework needed to be 
like. Rather, a series of fieldworks, which involved both primary and secondary data 
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collection exercises, were involved. By implication, authorities who will be given the 
responsibility of safeguarding the traffic system in Abu Dhabi must be ready and 
prepared to go through similar moments of dedicated research and development. It 
can therefore be concluded that even though traffic safety assurance through the use 
of traffic safety technology devices is generally a positive thing, its achievement will 
come with some level of hard work. The greater the hard work, the better the 
outcome that can be expected. 
Last but not least, the researcher set an objective aimed at validating the design 
decision support framework. As was rightly mentioned above, a lot of hard work 
went into the preparation of the framework. However, the hard work that resulted in 
the framework‘s design was not conclusive for guaranteed results in terms of the 
applicability of the framework in curbing traffic accidents in Abu Dhabi. This was 
the rationale that led to the validation of the design framework through the Abu 
Dhabi highways which was discussed in Chapter 9. From the results gathered, the 
majority of the respondents (in some cases all respondents) agreed that the 
framework was easy to understand, has the potential to improve traffic safety, was 
suitable for improving drivers‘ behaviour, was suitable for reducing accident 
frequency and severity, was suitable for increasing drivers‘ compliance to speed 
limit, was suitable for mitigating the impact of adverse weather conditions, was 
suitable for deterring drivers from traffic offences, was suitable for reducing the 
dangers posed from engineering, design shortfalls and temporary work zones 
(detours), was suitable for increasing drivers' awareness about road hazards, and was 
suitable for dispensing traditional notifications about accidents in Abu Dhabi 
highways. Also, all respondents agreed that the proposed framework can be used to 
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support decision-making within their organizations. Based on this, it can be 
concluded that indeed the researcher‘s framework had the potential to improve traffic 
safety in the highways. As can be seen in various chapters of the study, the 
framework is heavily dependent on technology. It is therefore possible to also 
conclude that the use of the framework will come at some cost in terms of investing 
in technology. But with the expected outcome, it can be expected that positive 
returns will be enjoyed from the framework. 
10.2 Contribution to knowledge 
Whilst development of Abu Dhabi is moving towards a new lifestyle in every aspect, 
to become one of the top five most advanced governments in the world, no previous 
research has established that vernacular approaches are not fully incorporated in the 
relationships between the use of traffic safety technologies and reducing serious road 
traffic accidents in Abu Dhabi highways. Moreover, this study has made a number of 
contributions to knowledge. These include the following areas:  
1. Perceptions of drivers on the relationship between the use of traffic safety 
technologies and driver behaviour in Abu Dhabi highways.  
2. Perceptions of experts on the direct effects of traffic safety technologies on 
other traffic safety dimensions in Abu Dhabi's highways. 
3. The impact of speed cameras on the frequency and severity of accidents in 
Abu Dhabi highways. 
4. The design of a framework that can be used to advise the regional safety 
strategy to be sustainable. 
Regarding the first, the thesis has investigated the drivers‘ perceptions on the 
relationship between the use of traffic safety technologies and the drivers‘ behaviour 
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in Abu Dhabi highways. The study has found that the use of traffic safety 
technologies in controlling driver behaviour has gained acceptance in Abu Dhabi 
highways. As the demand to travel continues to grow and accident rates continue, 
there arises the need to invest much more on technological advances in traffic safety. 
The headline points arising from the study include the following: 
 Drivers who use the road frequently do have a general acceptance and 
support the use of various technologies in the reduction of serious 
accidents and fatalities and in mitigating the impacts of adverse weather 
conditions on safety performance of Abu Dhabi highways. 
 Unhidden speed cameras are most effective at increasing drivers‘ 
compliance with speed limits.  
 Reducing the distance between the speed cameras has a higher potential 
for increasing driver compliance to speed limits along the highways.  
 Traffic safety technologies are appropriate for mitigating the impacts of 
adverse weather conditions in Abu Dhabi highways. However, the 
percentage of satisfaction on the current efforts in the use of traffic safety 
technologies to mitigate the impact of adverse weather conditions on the 
safety of highways in Abu Dhabi is discouraging. 
 More variable message signs (VMS) and sending live information to 
highway users are more effective at mitigating the impacts of adverse 
weather conditions on the safety performance of Abu Dhabi highways. 
 Intensifying patrols on the roads, speed cameras and variable message 
signs, additional driver training, lowering the speed limit, more CCTV 
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use, and new vehicle safety technologies, are all effective at addressing 
reckless driving behaviour in Abu Dhabi highways. 
 The level of driver compliance depends on the enforcement technology 
deployed, with the level of driver compliance which can be achieved by 
speed cameras recording more positive than negative ranks compared to 
variable message signs  (VMS) in increasing drivers' compliance to speed 
limits. 
 There is a strong perception amongst drivers that enforcement 
technologies to deter reckless driver behaviours are related to exceeding 
the maximum speed limit, failure to maintain a safe distance from the 
leading vehicle, and failure to fasten seatbelts while driving. However, 
additional driver training and new vehicle safety technologies also 
emerged to be important aspects in deterring reckless driver behaviour. 
 There is a strong correlation between the effects of enforcement 
technologies on deterrence of driver behaviour with age. Aged drivers 
showed higher levels of adherence than young ones.  
 The effects of enforcement technologies on driver behaviour and gender 
are significantly correlated, with female drivers‘ behaviours more likely 
to be deterred by technologies than male drivers. 
 Traditional enforcement tools cannot be replaced by using traffic safety 
technologies, but they can be complementary. 
 The use of in-car traffic safety technologies, which are aimed at 
increasing or assuring drivers‘ compliance with traffic laws, needs to be 
expanded in Abu Dhabi.   
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Second, this thesis has also examined experts‘ views on the direct effects of the 
usage of traffic safety technologies on other traffic safety dimensions. While 
automated traffic safety technology is an important tool to enhance traffic safety, it 
should be combined with other enforcement, engineering, education and awareness, 
and emergency response methods to reduce the number and severity of collisions on 
our roads. The most important findings here are as follows:-  
 There is considerable satisfaction with regard to the existing speed 
management measures along Abu Dhabi highways. However, the satisfaction 
levels varied with the nationality of the respondents and notably low levels of 
satisfaction were observed amongst the European experts. 
 The automated speed management technologies are more effective than 
conventional use of police enforcement officers. 
 Additional driver training is required to raise awareness and understanding of 
modern traffic safety technologies.  
 The traffic safety technologies can be used to address specific engineering or 
design shortfalls in Abu Dhabi highways.  
 The deployment of traffic safety technologies does have a positive impact on 
enhancing operators‘ efficiency and capability in taking appropriate and 
prompt actions in situations calling for emergency responses. 
Third, an additional contribution of this study is its development of an association 
between traffic safety technologies in Abu Dhabi highways and both accident 
frequency and accident severity. From the thesis results, we can conclude that on 
major highways in Abu Dhabi, speed cameras were effective in lowering the number 
and impact of accidents. On the other hand, the effect of speed cameras on minor 
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arterial highways on both accidents frequency and severity were found to be 
significantly influenced by the first installation of speed cameras in 2004, where the 
influence during the second installation in 2010 did not have a positive impacts.  
Finally, since it was found that traffic safety technologies have an effect in reducing 
serious road accidents in the highways, a framework has been designed. This 
framework would be useful for regional safety strategy makers in improving 
highways safety and making a sustainable strategy. 
10.3 Recommendations for professional practice  
Based on the findings and conclusions given above, it is possible to make 
recommendations that will be used for professional practice in terms of traffic safety 
technologies in Abu Dhabi highways. The first recommendation is for authorities, as 
a matter of urgency, to address the issue of scarcity of traffic safety technology 
devices except speed cameras. This is because this came out as the main factor 
affecting serious road traffic accidents in the highways. In addressing the challenge, 
authorities have to consider several factors including the rate of highway severity per 
million vehicle kilometers, as well as number and types of traffic safety technologies 
currently available on it. Rightly connected to this is the recommendation to invest 
much in education and training for drivers who will be using the proposed forms of 
technologies to improve the effectiveness of traffic safety technologies. This should 
focus on young drivers, as the study has shown that they are more frequent traffic 
violators than their aged counterparts. Moreover, minimizing the use of hidden speed 
cameras is very important to build the feeling that the main aim of using these 
technologies is to raise the rates of safety in the highways and not to collect fines 
from drivers. 
 Chapter 10 : Conclusion and Recommendations 
 
 
245 Musallem Al Junaibi, PhD Student, 2013 
 
In the second recommendation, it would be suggested that while bringing on board 
traffic safety technology devices, efforts should be made to focus more on driver 
support systems and rapid response systems. Indeed, the fact that these two types of 
technologies were widely agreed by respondents means that users and traffic safety 
experts have a lot of trust in their operational effectiveness. But apart from the 
endorsement by respondents, the recommendation can also be justified by the fact 
that drivers are often the people who face the direct cause of accidents (Garcia, 
2006). Providing enough driver support systems will therefore ensure that there is a 
very direct response to accidents from the perspective of their root cause. 
Furthermore, it is recommended that since traffic technology devices can improve 
driver behaviour and driver behaviour can in turn improve road usage discipline, 
which can lead to minimal serious road traffic accidents in highways, the need to 
improve driver behaviour must be made a priority in Abu Dhabi. Using technology 
devices to achieve this must be a central intervention. However, efforts should be 
made to inculcate other conventional methodologies such as giving drivers training 
on behavioural standards and ethics. The use of stiffer punishments for traffic 
offenders could also be seen as a way of improving driver behaviour on the road 
(Farr, 2008). By complementing the use of technology devices with conventional 
enforcement methods, it can be expected that driver behaviour will always be 
achieved from whatever perspective it is looked at. 
The fourth major recommendation that will be made is for there to be massive 
expansion of before and after studies, focusing on the effectiveness of enforcement 
technologies which should be carried out to ascertain the quantifiable benefits of 
these technologies along Abu Dhabi highways.  
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What is more, it will be recommended for continuous research and development 
programmes to be designed towards getting data for periodic advancement of the 
framework designed and any other framework that will be used.  
With the framework validated, it will be recommended that enforcement, adherence 
and supervision must be made important components of the implementation of traffic 
safety technologies. This recommendation is made knowing that, in most cases, 
effective programmes have not been enforced, adhered to, or supervised well and so 
the level of benefits that should come from them has always been lacking (Garcia, 
2006). This is a situation that must be avoided with highways in Abu Dhabi. Indeed, 
with the extent of investment that is going to go into the use of traffic safety 
technologies, it is expected that supervision will be taken seriously to ensure that the 
goal of improving safety is achieved. Without acknowledgement of this last 
recommendation, the technologies may be installed all right, but they may never lead 
to the achievement of the purposes for which they were installed (Farr, 2008). 
Lastly, there is a need for integration and compatibility of all of the above through an 
integrated system and specific performance indicators that are measure and followed 
up on an ongoing basis and supported by geographic information systems (GIS). The 
key steps for the implementation must include determining the desired objectives and 
future vision in line with international best practices, developing an integrated 
strategy to improve traffic safety in the highways, determining tasks, actions, and 
activities in various fields such as management and coordination, engineering, 
enforcement, awareness and speed of response. This is in addition to identifying and 
allocating the responsibilities between the stakeholders and key partners, while 
traffic safety is a common task; furthermore, to develop programmes and systems for 
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data management and identify solutions supported by GIS, besides ongoing 
monitoring, evaluation and improvement. 
10.4  Recommendations for future work  
Some recommendations were summarized here from the work developed to improve 
the obtained results and to suggest directions for future research, and to make 
advances in the relationship between traffic safety technologies and serious road 
traffic accidents in Abu Dhabi highways as follows:-  
 Design guide to be completed with guidelines for each different subsystem as a 
tool to help assess system effectiveness, while there is a lack of assessment tools 
that can provide road traffic safety stakeholders with better guidance at low cost 
and within time constraints. 
 Incorporate the traffic safety technologies framework, project management and 
assets management into the implementation of the system, which will ensure the 
achievement of the targets from this system in Abu Dhabi highways. 
 Investigate the changes in the traffic accident patterns and road safety concerns 
after using traffic enforcement technologies that are still not implemented in Abu 
Dhabi highways (other than speed cameras).  
 Investigate the changes in the traffic accident patterns and road safety concerns 
after using weather safety technologies in Abu Dhabi highways. 
 Investigate the effect of centralizing the control systems, and the associated 
communication backbone for the traffic safety technologies in Abu Dhabi 
highways.  
 Chapter 10 : Conclusion and Recommendations 
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 Identify appropriate real examples which provide the traffic safety stakeholders 
in Abu Dhabi with a good starting point for the proposed design framework, 
which can possibly undergo more improvements if connected to that. 
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 Conference presentation submitted to the Gulf Traffic Conference 2013 in 
International Convention and Exhibition Centre , Dubai 9-10th December 2013. 
Paper titled ' Role of Abu Dhabi Police In Reducing Serious Road Traffic 
Accidents to Improve The Traffic Safety In Emirate of Abu Dhabi'.  
 Ref: Musallem Al Junaibi (2013) 'Role of Abu Dhabi Police in Reducing 
Serious Road Traffic Accidents to Improve The Traffic Safety In Emirate 
of Abu Dhabi ', Gulf Traffic Conference 2013 in International Convention 
and Exhibition Centre. Dubai 9-10th December 2013. 
 Conference presentation submitted to the First International Road Traffic 
Accidents Conferences  in Abu Dhabi 10th-11th March, 2014. Paper titled ' The 
Need to Use Traffic Safety Technologies in Abu Dhabi Highways'.  
 Ref: Musallem Al Junaibi (2014) 'The Need to Use Traffic Safety 
Technologies in Abu Dhabi Highways ', The First International Road 
Traffic Accidents Conferences. Abu Dhabi 10th-11th March, 2014 
 Paper and presentation submitted to the First IRF Asia Regional Congress in 
Bali, Indonesia November 17-19,2014. Paper titled 'The Relationship Between 
the Use of Traffic Safety Technologies & the Drivers Behavior in Abu Dhabi 
Highways' 
 Ref: Musallem Al Junaibi. PanosGeorgakis. and Mushatat, Sabah  (2014) 
'The Relationship Between the Use of Traffic Safety Technologies & the 
Drivers Behavior in Abu Dhabi Highways'', The First IRF Asia Regional 
Congress. Bali, Indonesia November 17-19,2014. 
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 Journal paper prepared to submit to Journal of Traffic and Logistics Engineering. 
Paper titled 'Examine the Direct Effect of the Use of Traffic Safety Technologies 
in Abu Dhabi Highways on Other Traffic Safety Elements' 
 Ref: Musallem Al Junaibi. PanosGeorgakis. and Mushatat, Sabah  (2015) 
'Examine the Direct Effect of the Use of Traffic Safety Technologies in Abu 
Dhabi Highways on Other Traffic Safety Elements', Journal of Traffic and 
Logistics Engineering. 
 Paper and presentation submitted to the 1st IRF Europe and Central Asia 
Regional Congress and  Exhibition in Istanbul, Turkey September 15-18, 2015. 
Paper titled 'The Impact of Speed Cameras in the Frequency and Severity of 
Accidents in Abu Dhabi Highways' 
 Ref: Musallem Al Junaibi. PanosGeorgakis. and Mushatat, Sabah  (2015) 
'The Impact of Speed Cameras in the Frequency and Severity of 
Accidents in Abu Dhabi Highways', the 1st IRF Europe and Central Asia 
Regional Congress and  Exhibition. Istanbul, Turkey September 15-18, 
2015. 
 Workshop prepared for Abu Dhabi Police officers  hold in Abu Dhabi on 6 July 
2015. Workshop titled ' Lessons from analysing Abu Dhabi highways drivers 
questionnaire'. 
 Workshop prepared for the traffic engineers in traffic engineering and roads 
section hold in Abu Dhabi on 1st of September 2015. Workshop titled 'Traffic 
safety technologies framework' 
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CAR EQUIPMENT OFFENCES 
      
No. Violation fine 
traffic 
points 
In Presence / 
In Absents 
Vehicle 
Confisca
ted / 
Days 
32 
Exceeding permitted level of car 
window tinting 
500 / In Presence 30 days 
53 
Modifying vehicle engine without 
permission 
400 / In Presence 
 
54 
Modifying vehicle colour without 
permission 
400 / In Presence 
 
55 
changing vehicle colour without 
permission 
400 / In Presence 
 
63 
No lights on the back or sides of 
trailer container 
200 / 
In Presence / 
In Absents  
64 
Lights on the back or sides of 
trailer container not working 
200 / 
In Presence / 
In Absents  
68 Vehicle unfit for driving 200 / 
In Presence / 
In Absents 
7 days 
69 
Driving a light vehicle that does 
not comply with safety security 
conditions 
200 
 
In Presence 7 days 
76 
Writing phrases or placing stickers 
on vehicle without permission 
200 
 
In Presence / 
In Absents  
95 Using multi-coloured lights 200 
 
In Presence / 
In Absents  
98 Driving with tires in poor condition 200 
 
In Presence 7 days 
112 
failure to have vehicle examined 
after carrying out major 
modification to engine or body 
200 
 
In Presence / 
In Absents 
7 days 
130 Broken lights 200 6 In Presence 
 
143 Broken indicator light 100 2 In Presence 
 
145 
Having no red light at the back of 
vehicle 
100 
 
In Presence / 
In Absents  
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OFFENCES OF CAR NUMBER PLATES 
      
No. Violation fine 
traffi
c 
points 
In Presence / 
In Absents  
Vehicle 
Confiscate
d / Days 
3 
Driving a vehicle without number 
plates 
1000 24 In Presence 60 DAYS 
102 
Violation of laws for using 
commercial number places 
200   In Presence   
103 
Not fixing number plates in 
designated places 
200 2 In Presence   
104 Driving a  with one number plates 200 2 In Presence   
106 
Using unmatching number plates 
for trailer and container 
200   
In Presence / 
In Absents  
  
119 
Number plates with unclear 
numbers 
200 3 
In Presence / 
In Absents  
  
 
CAR HORN OFFENCES 
      
No. Violation fine 
traffic 
points 
In Presence 
/ In 
Absents  
Vehicle 
Confiscated 
/ Days 
131 Using horn in prohibited areas 200 2 In Presence   
144 Using horn in a disturbing way 100 2 In Presence   
 
DRIVINGLEARNER CAR OFFENCES 
      
No. Violation fine 
traffi
c 
points 
InPresenc
e /  
In 
Absents  
Vehicle 
Confiscated 
/ Days 
49 
Teaching driving in a trainable 
vehicle that does not bear a learning 
sign 
500 
  
 
In 
Presence / 
 In 
Absents  
  
50 
Teaching driving in a non trainable 
vehicle without permission 
500   
In 
Presence 
  
86 
Carrying passengers in driving 
training vehicle 
200 4 
In 
Presence 
  
113 
Using training vehicle outside of 
timing specified by licensing 
authority 
200   
In 
Presence 
  
114 
Using training vehicle in places not 
disignated by licening 
200       
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TAXI OFFENCES 
      
No. Violation fine 
traffi
c 
points 
In Presence / 
In Absents  
Vehicle 
Confiscated 
/ Days 
75 
Carrying and transporting 
passengers illegally 
200 4 
In Presence / 
In Absents  
7DAYS 
83 
Transporting passengers by 
vehicle undesignated for this 
prupose 
200 4 
In Presence / 
In Absents  
  
85 
Driving taxi without required 
license 
200 4 In Presence   
87 
Driving taxi with an expired 
warranty 
200   In Presence   
89 Taxi refusing to carry passengers 200 4 
In Presence / 
In Absents  
  
97 Exeeding passenger limit  200 3 In Presence   
120 Violating tariff 200 6 
In Presence / 
In Absents  
  
125 
Not fixing taxi sign where 
required 
200   
In Presence / 
In Absents  
  
128 
Failure to abide by specified 
colour for taxis or training cars 
200   In Presence   
129 
Failure to display tariff of buses 
or taxis or not showing them 
when required 
200   In Presence   
133 
Failure to keep taxis and buses 
clean inside and outside 
200   In Presence   
134 smoking inside taxi and buses 200   
In Presence / 
In Absents  
  
136 
Not abiding by taxi drivers 
obligatory uniform or keeping it 
in good condition 
100   In Presence   
137 
calling on passengers in the 
presense of signs 
100   
In Presence / 
In Absents  
  
142 
Not using interior lights in buses 
at night 
100   In Presence   
146 Opening left door of taxi 100 3 In Presence   
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BODY INJURE OFFENCES 
      
No. Violation fine 
traffi
c 
points 
InPresenc
e 
 /  
In 
Absents  
Vehicle 
Confiscated 
/ Days 
4 Causing death of others 
Decided 
by Court 
12 
In 
Presence 
30 DAYS 
5 
Not stopping after causing an 
accident that resulted in 
injuries 
Decided 
by Court 
24 
In 
Presence /  
In Absents  
60 DAYS 
13 Causing serious injuries 
Decided 
by Court 
8 
In 
Presence 
  
18 Causing moderate injuries 
Decided 
by Court 
6 
In 
Presence / 
 In 
Absents  
  
 
OFFENCES RELATED TO TRAFFIC POLICE INSTRUCTIONS 
      
No. Violation fine 
traffi
c 
points 
In Presence 
/ In 
Absents  
Vehicle 
Confiscated 
/ Days 
10 
Running away from a traffic 
policeman 
800 12 
In Presence 
/ In Absents  
30 DAYS 
29 
failure to follow the direction of 
the police 
400 6 In Presence   
46 
Refusing to give traffic police a 
name and address when required 
500   In Presence   
123 
Not shawing vehicle registration 
card when required 
200   In Presence   
124 
Not shawing vehicle driving 
license when required 
200   In Presence   
 
 
 
 
 
 
 
 
 
 
 
 
 
Appendix  (B): The First Federal Traffic Legislation and introduced 
Law 21 (1995) -  2007 Amendments 
 
271 Musallem Al Junaibi, PhD Student, 2013 
 
 
PARKING OFFENCES 
      
No
. 
Violation fine 
traffic 
points 
In Presence 
/ In Absents  
Vehicle 
Confiscate
d / Days 
23 
Parking in fire hydrant places, 
spaces allocated for people with 
special needs and ambulance 
parking 
1000 4 
In Presence / 
In Absents  
  
41 
Stopping on the road for no 
reason 
500 4 In Presence   
42 stopping on a yellow box 500   
In Presence / 
In Absents  
  
47 
stopping vehicle on the left side of 
the road in prohibited places 
500   
In Presence / 
In Absents  
  
48 
stopping vehicle on pedestrain 
lines 
500   
In Presence / 
In Absents  
  
59 
Parking behind vehicle and 
blocking their movement 
300   
In Presence / 
In Absents  
  
65 
Taxis which have designated 
pickup areas, stopping 
undesignatted places 
200 4 
In Presence / 
In Absents  
  
74 
Violating loading or unloading 
regulations in parking 
200 4 In Presence 7 DAYS 
82 
Stopping vehicle without keeping 
the distance specified by the law 
from curve or junction 
200   
In Presence / 
In Absents  
  
91 Not securing vehicle while parked  200   
In Presence / 
In Absents  
  
92 Parking in prohibited places 200 2 In Presence   
93 
Parking in loading and offloading 
areas without need 
200   In Presence   
94 
Parking on road shoulder except 
in cases of emergency 
200   In Presence   
11
1 
Stopping a vehicle in a way that 
may pose danger or block traffic 
200 3 In Presence   
11
8 
Abuse of parking space 200 3 
In Presence / 
In Absents  
7 DAYS 
12
2 
Parking vehicles on pavement 200 3 
In Presence / 
In Absents  
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CAR EQUIPMENT OFFENCES 
      
No. Violation fine 
traffic 
points 
In Presence / 
In Absents  
Vehicle 
Confiscated 
/ Days 
7 
Exceeding maximum speed 
limit by more than 60 km/h 
1000 12 
In Presence / 
In Absents  
30 DAYS 
14 
Exceeding maximum speed 
limit by not more than 60 km/h 
900 6 
In Presence / 
In Absents  
  
15 
Exceeding maximum speed 
limit by not more than 50 km/h 
800   
In Presence / 
In Absents  
  
22 
Exceeding maximum speed 
limit by not more than 40 km/h 
700   
In Presence / 
In Absents  
  
24 
Exceeding maximum speed 
limit by not more than 30 km/h 
600   
In Presence / 
In Absents  
  
30 
Exceeding maximum speed 
limit by not more than 20 km/h 
500   
In Presence / 
In Absents  
  
56 
Exceeding maximum speed 
limit by not more than 10 km/h 
400   
In Presence / 
In Absents  
  
132 
Driving below minimum speed 
limit 
200   
In Presence / 
In Absents  
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OFFENCES IN RESPECT OF DRIVER LICENSE, VEHICLE LICENSE AND 
TRAFFIC PERMIT 
      
No. Violation fine 
traffi
c 
points 
In Presence 
/ In 
Absents  
Vehicle 
Confiscated 
/ Days 
37 
Allowing others to drive a vehicle 
for which they are unlicensed 
500   In Presence   
52 
Operating industrial, construction 
and mechanical vehicles and 
tractors without  permission from 
licensing authority 
500   In Presence 7 DAYS 
57 
Driving with a driving license 
issued by a foreign country except 
in permitted cases 
400   In Presence   
58 
Violating the terms of the driving 
license 
300   In Presence   
72 
Using vehicle for purposes other 
than designated 
200 4 In Presence 7 DAYS 
99 
Driving with an expired driving 
license 
200 3 In Presence   
100 
Not renewing vehicle registration 
after expiry 
400   In Presence   
101 Driving unlicensed vehicle 200   In Presence 7 DAYS 
117 Driving an unlicensed vehicle 200   In Presence   
121 Light vehicle lane discipline 200 2 
In Presence 
/ In Absents  
  
139 
Not carrying driving licenes while 
driving 
100   In Presence   
140 
Not carrying  vehicle registration 
card while driving 
100   In Presence   
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OFFENCES RELATED TO TRUCKS AND HEAVY VEHICLES 
      
No. Violation fine 
traffi
c 
points 
In Presence 
/ In 
Absents  
Vehicle 
Confiscated 
/ Days 
19 Heavy vehicle lane discipline 600 6 
In Presence 
/ In Absents  
30 DAYS 
34 
Driving a heavy vehicle that does 
not comply with safety and 
security conditions 
500   In Presence   
38 
Loading a heavy vehicle in a way 
that may pose danger to others or 
to the road 
500 6 
In Presence 
/ In Absents  
7 DAYS 
39 
Overload or protruding load from 
a heavy vehicle without 
permission 
500 6 
In Presence 
/ In Absents  
7 DAYS 
70 Not lifting exhaust of trucks 200   In Presence 7 DAYS 
71 not covering loads of trucks 3000   
In Presence 
/ In Absents  
7 DAYS 
73 Heavy vehicle prohibited entry 200 4 
In Presence 
/ In Absents  
7 DAYS 
107 
Not fixing reflective stickers at 
the back of trucks and heavy 
vehicles 
200   
In Presence 
/ In Absents  
  
138 
Not displaying truck's load on 
both sides 
100   
In Presence 
/ In Absents  
  
 
WRONG OVERTAKING OFFENCES 
      
No. Violation fine 
traffic 
points 
In Presence / 
In Absents  
Vehicle 
Confiscated / 
Days 
11 
Dangerous overtaking by 
trucks 
800 24 
In Presence / 
 In absence 
60 Days 
16 
Overtaking on the hand 
shoulder 
600 6 In Presence   
20 
Overtaking from a 
prohibited place 
600 6 In Presence   
115 Overtaking from the right 200 4 
In Presence / 
 In absence 
  
116 
Overtaking in a wrong 
way 
200 3 In Presence   
117 
Driving an unlicensed 
vehicle 
200   In Presence   
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CAR LOAD OFFENCES 
      
No. Violation fine 
traffi
c 
points 
In Presence / 
 In Absents  
Vehicle 
Confiscate
d / Days 
60 
Towing a vehicle or a boat 
with an unprepared vehicle 
300   In Presence   
80 
Loading a light vehilce in a 
way that may pose a danger to 
others or to the road 
200 3 
In Presence / 
 In absence 
7 days 
81 
Overload or protruding load on 
light vehicles without 
permission 
200 3 In Presence 7 days 
126 
Not fixing a sign indicating 
licensed overload 
200 3 In Presence   
 
 
 
OFFENCES FOR CAUSING DAMAGE TO ENVIRONMENT 
      
No. Violation fine 
traffic 
points 
In Presence / 
 In Absents  
Vehicle 
Confiscated / 
Days 
36 Driving  a noisy vehicle 500   
In Presence /  
In absence 
30 days 
40 
Driving a vehicle that 
causes pollution 
500   
In Presence / 
 In absence 
  
45 
Throwing waste from 
vehilces on to roads 
500 4 
In Presence / 
 In absence 
  
61 
Driving a vehilce that 
omits gases or fumes 
with substances 
exceeding permitted rates 
300   
In Presence / 
 In absence 
  
62 
Leaving a vehicle on the 
road with its engine 
running 
300   
In Presence /  
In absence 
  
90 Falling or leaking load 3000 12 
In Presence /  
In absence 
30 days 
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OFFENCES FOR NOT GIVING PRIORITY 
      
No. Violation fine 
traffi
c 
points 
In Presence / 
 In Absents  
Vehicle 
Confiscated 
/ Days 
28 Failure to leave a distance 400 4 
In Presence / 
 In absence 
  
31 
Entering a road without 
ensuring that it is clear 
400 4 In Presence   
33 
Not giving way to 
emergency, police and public 
service vehilces or official 
convoys  
500 4 
In Presence /  
In absence 
  
67 Blocking Traffic 200   
In Presence /  
In absence 
  
77 
Not taking road safety 
measures during vehicle 
breakdowns 
200   
In Presence / 
 In absence 
  
109 
Not giving way for vehicles 
to pass on the left 
200   
In Presence /  
In absence 
  
110 
Not giving way to vehicles 
coming from the left where 
required 
200   
In Presence / 
 In absence 
  
 
 
 
OFFENCES COMMITED INSIDE THE CAR 
      
No. Violation fine 
traffi
c 
points 
In Presence / 
 In Absents  
Vehicle 
Confiscated / 
Days 
26 
Allowing children under 10 
years old to sit in the front 
seat of a vehilce 
400 4 In Presence   
27 
Failure to fasten seat belt 
while driving 
400 4 In Presence   
127 
Using interior lights for no 
reason while driving 
100   In Presence   
135 
Using hand-held mobile 
phone while driving 
200 4 In Presence   
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OFFENCES FOR EXPOSURE TO DANGER 
      
No. Violation fine 
traffic 
points 
In Presence 
/ In 
Absents  
Vehicle 
Confiscated 
/ Days 
1 Driving dangerously (racing) 2000 12 
In Presence 
/ In absence 
30 days 
2 
Driving under the influence of 
alcohol,drugs or similar 
substances 
Decide
d by 
court 
24 
In Presence 
/ In absence 
60 days 
6 Reckless driving 2000 12 
In Presence 
/ In absence 
30 days 
8 
Driving causing danger to 
others 
1000 12 
In Presence 
/ In absence 
30 days 
9 Jumping a red light 800 8 
In Presence 
/ In absence 
15 days 
12 Causing a car to overturn 
Decide
d by 
court 
8 
In Presence 
/ In absence 
  
17 Entering road dangerously  600 6 
In Presence 
/ In absence 
  
21 
Causing serious damage to a 
vehilce 
Decide
d by 
court 
6 In Presence   
25 Driving against traffic 400 4 In Presence   
44 
Failure to abide by traffic signs 
and directions 
500   
In Presence 
/ In absence 
  
35 
Failure to stop after causing an 
accident 
500 6 
In Presence 
/ In absence 
7 days 
51 
Placing parks on the roads that 
may damage the road or block 
traffic 
500   
In Presence 
/ In absence 
  
66 Prohibited entry 200 4 
In Presence 
/ In absence 
  
78 Turning at undesignated points 200 4 
In Presence 
/ In absence 
  
79 Turnign the wrong way 200 4 
In Presence 
/ In absence 
  
84 Sudden swerve 200 4 In Presence   
88 Reversing dangerously 200   
In Presence 
/ In absence 
  
96 
Not wearing helmet while 
driving motorbike 
200 4 
In Presence 
/ In absence 
  
105 
Driving at night or in foggy 
weather without lights 
200 4 In Presence   
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108 
Not using indicators when 
changing direction or turning 
200 3 In Presence   
141 
Driving without spectacles or 
contact lenses 
100   In Presence   
 
 
 
OFFENCES RELATED TO PEDESTRIANS 
      
No. Violation fine 
traffic 
points 
In Presence / 
In Absents  
Vehicle 
Confiscated / 
Days 
43 
Not giving pedestrians way 
on pedestrian crossings 
500 6 
In Presence 
/ In absence 
  
147 
Pedestrians crossing from 
undesignated places (if any 
existed) 
200   In Presence   
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No. Violation 2010 2011 2012 
1 Driving dangerously (racing) 490 695 369 
2 Driving under the influence of alcohol 707 744 823 
6 Reckless driving 896 1389 879 
7 
Exceeding maximum speed limit by more than 
60 km/h 
27320 38281 24588 
8 Driving causing danger to others 236 440 762 
9 Jumping a red light 5612 3484 5483 
11 Dangerous overtaking by trucks 180 473 546 
14 
Exceeding maximum speed limit by not more 
than 60 km/h 
46022 69631 41922 
16 Overtaking on the hard shoulder 10615 5720 3932 
17 Entering road dangerouly 108 80 79 
19 Heavy Vehicle lane discipline 6815 9985 7910 
20 Overtaking from a prohibited place 442 597 376 
25 Driving against traffic 4223 4235 5350 
27 Failure to fasten seat belt while driving 46005 42553 51059 
28 Failure to leave a safe distance 9928 11073 7921 
31 
Entering a road without ensuring that it is 
clear 
2954 2826 2887 
39 
Overload or protruding load from a heavy 
vehicle without permission 
460 214 210 
43 
Not giving pedestrians way on pedestrian 
crossings 
3448 2108 3590 
44 Failure to abide by traffic signs and directions 33633 45278 49800 
84 Sudden swerve 4734 5660 4532 
96 Not wearing helmet while driving motorbike 154 111 127 
98 Driving with tires in poor condition 32108 36416 29471 
105 
Driving at night or in foggy weather without 
lights 
2161 2059 2578 
115 Overtaking from the right 3145 3492 2111 
116 Overtaking in a wrong way 415 617 364 
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Appendix (D) 
 
Road Accident Report at Abu Dhabi 
The original version is in Arabic, this is a translated version in English 
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Serial No: 
Report No: 
 Judicial No: 
 
1.13 
Classifica
tion 
Of 
accident 
Location 
1.intersection 
2.Single 
road 
3.Double  
mad 
4.Outside 
the street 
5.Tunnel 
/Bridge 
6.parking 
7.Other 
Specify 
 
141. of  accident  location :  Descriptive 
 
.151 rWeathe 1.Clear 2.Raisy 3.Wendy 4.Dusty 5.fog Cloudy6. 
 
Road Descriptions  
1.16 Speed limit  (Km /H): 
 
1.17 Number of  lanes : 
 
19.1 
Traffic 
organizati
on tools 
1.Automatic  traffic 
light 
3.Stop lines 5.Give way lines 
7.Without 
Stop sign 2.Give way sign 
4.Traffic police 
man 
6.Traffic 
policeman 
201. 
Road 
Divider 
1.Metal 2.Concrete 3.Sand 
4.Median  
Island 
5.Pavement 
6.Other 
( Specify) 
 
 
 
General Details 
1.1 Date(day,monthe,years)  1.2 
Time (24 hours ) 
minutes - hour 
 
1.3 Ares  1.4 Sector  
1.5 Street  1.6 Street No  
1.7 Distance of next  1.8 Name of Cross road  
1.9 Cross road No  1.10 Eastern Coordinate  
1.11 Northern coordinate     
1.12 Accident 1.School 
4.Government  
Authority 
7.Garde 
10.Tunnel 
/Bridge 13.Other 
Specify 
 
 
Took 
place 
2.Mosque 
5.Commercial 
area 
8.Resident area 
11.One side 
Intersection 
 near 3.Hospital 6.Fuel station 9.Highway 12.Work site 
1.18 Interaction details :   
1.Not of Within  (20) meters from  the 
interaction 
4.Seal  Vertical 
interaction 
7.U – Turn 
2.Round about 5.Vertical interaction 8.Multi intersection 
3.Vertical interaction 6.Skew  interaction 
9.Other Specify 
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1.21 
Road 
surface 
1.Dry 2.Wet 
3.Covered 
with sands 
4.Petrolern 
or 
chemicals 
5.Humps 
6.Un 
asphalted 
7.Other 
(Specify) 
 
1.22 
Road 
Condition 
1.whole on 
the road 
2.Narrow road 
3.Obstacles on the 
road 
4.Other 
(Specify) 
 
1.23 Lighting 1.Day light 
2.Night– sufficient 
lighting 
3.Night – little 
lights 
4.Night – no 
lights 
 
1.24 
Other  
special 
cases 
1. Not available 
2. Traffic signal  
completely 
out  of order 
3. Traffic signal  
partially 
4. Traffic signal  boards 
completely  or partially 
out  of sight 
5. Road marks or signs un 
available 
6. Road under repair 
7. Road marks not 
clear or un 
available 
8. Other Factors 
(Specify) 
 
 
Accident t  Details 
 
1.25 
Type of 
accident 
1. Overtaking 
2. Running 
over 
human - 
being 
3. Vertical 
collision 
4. Rear 
Crashing 
5. Heads on 
collision 
6. Crashing 
during  training 
7. Side collision 
8. Crashing 
against 
stationary in the 
road 
9. Crashing  against 
stationary object 
outside the road 
10. Crashing  against an 
un-stationary  object 
outside the road 
11. Crashing  against an 
un-stationary object 
outside the road 
12. Crashing against  an 
animal 
 
13. Burying 
14. Falling 
down 
15. Other 
16. (Specify) 
 
 
 
Direct cause of accident 1.26 
vehicle 
Helping .1.27
factor 
vehicle .helpingfactor1.28 vehicle .helping factor31.29 
1.carelessness 
2.failure to 
provide for 
road user 
3.failure to 
leave sufficient 
distance 
4..Reversing 
without 
ensuring 
emptiness of 
the road  
5.non 
compliance 
with traffic 
lane 
 
6.non compliance 
with road priority 
7. non compliance 
with stop signal 
8.non  compliance 
with other traffic 
signal 
9.Exceeded red traffic 
lights 
10.over speeding 
11.speeding without 
observing road 
conditions 
12.Failure to 
observing pedestrian 
priority 
 
13.Entering main road without 
ensuring  
14.Driving on the wrong 
direction 
15.overtaking at aprohibited 
location 
16.Entering at prohibited 
location 
17. Abrupt turning 
18.Abrupt  stopping  
19.lack of driving know 
lodge/Driving without license 
20.Reckless Driving 
21.under influence Alcohol or 
drug 
 
22.fatigue and 
dizziness 
23.unfamiliar with 
the road  
24.Tire burst 
25.Sun glare 
26.poorVisibility 
27.wrong timing 
28.usage of mobile 
phone  
29.load falling 
30.Defect in the 
vehicle(specify) 
31.Defects in the 
road(specify) 
32.other defects 
(specify) 
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Damage to public property and the involved   Vertical1.30 
1. Light pole 
2. Pavement 
3. Landscaping 
4. Walk 
5. Traffic sign board 
6. Traffic light  signal 
7. Other 
(specify) 
 
Driving details Causing  Injured 1 Injured 2 Injured 3 
 2.1 name     
2.2 Driving license No      
2.3 Nationality      
2.4 Age      
2.5 sex 
1. Male 
2.Female 
3.un known 
    
2.6 profession      
2.7 Driving license date of issue      
2.8 Driving license date of expiry     
2.9 Driving license place of issue     
2.10  Type of  driving license      
2.11  Telephone No     
2.12  Address      
.13  Qualification2 
1. Illiterate 
2.Reading & Writing  
3.Intermadiate 
4.degree or postgraduate 
5.unknown  
    
2.14 Driver Conditions 
1.ordinary 
2.sick 
3.Tired 
4.sleeping 
5.under influence of alcohol or drugs 
6.other  
7. Other (specify) 
    
2.15  is the driver under influence of  
alcohol or drugs 
1.not examined 
2. under 
4.not under 
    
2.16 Escape of driver 
1.not escape 
2. escape  and  known 
3. escape  and  known 
    
 
2.17 vehicle No      
2.18 amount paid      
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Vehicle details Causing Damage
d1 
Damaged2 Damaged3 
 2.16  Vehicle No     
2.17  Registration Plate No       
2.18  Place  of Registration     
2.19  Type of registration  plate      
2.20  Name of owner     
2.21  Owner address     
2.22  Insurance Co      
2.23  Insurance Policy No      
2.24  Date of expiry      
2.25  Type of  Vehicle     
2.26  Vehicle type     
2.27  Color  of  Vehicle      
2.28  Vehicle Model      
2.29  Damaged parts      
1. Front right corner 
2. Front right side 
3. Front right door 
4. Rear right door 
5. Rear right side 
6. Rear right side 
7. Rear side 
8. Rear left corner 
9. Rear left side 
10. Rear left door 
11. Front left door 
12. Front left side 
13. Front left door 
14. Vehicle front 
side 
15. Engine Hood 
16. Front glass 
17. Vehicle roof 
18. Rear glass 
19. Rear box 
20. Vehicle floor 
21. More than three 
parts 
22. Load 
23. Trailer 
24. Other (specify) 
25. All parts 
26. No dangers 
27. Front right head 
light 
28. Rear right light 
29. Rear  left right 
30. Froes left bead light 
 
 
9 Vehicle type2.2 
1. Car 
2. Light truck 
3. Motorcycle 
4. Tax 
5. Light Bus 
6. Bicycle 
7. Truck 
8. Heavy Bus  
9. other 
2.30 First collection 
point 
1. Nothing 
2. Drive side 
3. Front Collection 
4. Passenger side 
5. Rear collision  
6. Un known  
2.31 Heard material 1. Yes 2. No 3. Un known 
2.32 Glass colouring 1. No 2. Yes 30% 
3. Yes – more 
than 30% 
2.33  No of Excels 
1. No 2. Two excels 3. Three  excels 
4. Four  excels  
5. More than 
four excels 
 
vehicle motion2.34  
identduring the acc 
1. Abrupt stopping 
2. Driving  up 
3. Left turn 
4. Right turn 
5. U turn 
6. Getting down front  the road 
7. Other dangerous turn 
8. Decrease speed to stop 
9. Overtaking  
10. Change of lane 
11. Entering the road 
12. Reveres 
13. Entering adverse  lane (Single 
road) 
14. Entering parking or road 
15. Driving on the wrong 
direction (Double Road) 
16. Maneuver in parking  
17. Un Known  
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Injury 1 2 3 4 5 6 
3.1 vehicle No       
3.2 Name       
3.3 Nationality       
3.4 Age       
3.5 Title       
1. Driver 
2. Passenger 
3. Unknown  
      
3.6 sex injured person 
1.Male 
2.Female 
3.Un known  
      
3.7 injury level 
1.Simple 
2.Serious 
3.Death 
      
3.8 Passenger seat 
1.No passenger 
2.One passenger on the front seat 
3. One passenger on the rear  seat 
4. Un known  
      
3.9 Seat belt 
.Fasten 1 
2.unfasten 
3.No seat belt 
4. Unknown 
      
3.10 how injury person is rescued  
1. By ambulance 
2. By police car 
3.By civilian car 
4. By helicopter 
5.Other 
      
3.11Pedestrian actions 
1. None 
2.Crossing the intersection through 
pedestrian lines 
3.Crossing the intersection out of 
pedestrian lines 
4. Crossing the road – not through  
pedestrian lines 
5.Crossing the road – no through  
pedestrian lines 
6.stop 
7.Stop on the road divider 
8. Other specify 
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4 Witnesses 
Name Nationality Age Address 
1     
2     
3     
 
 
 
 
 
 
 
 
 
 
Investigation Team Name Number Rank Signature 
Investigation officer     
Investigation     
Sketcher     
Sketch of accident  scene  :                                                                                                                     
   
↑ 
North 
           
Sketch gulde: 
Accident Description 
Notes: 
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QUESTIONNAIRE FOR DRIVERS 
THE RELATIONSHIP BETWEEN THE USE OF TRAFFIC 
SAFETY TECNHOLOGIES 
 AND THE DRIVERS BEHAVIOR 
 
 
Dear Driver, 
My name is Musallem Al Junaibi. I am a PhD student at the University of 
Wolverhampton. The aim of this survey is to seek Abu Dhabi Emirate highways 
users' views on the traffic safety technologies. This survey is part of a research on the 
relationship between the use of traffic safety technologies and the serious road traffic 
accidents in Abu Dhabi Emirate highways. Traffic safety technologies refer to 
systems such as speed cameras, electronic signboards on highways, Low Visibility 
Motorist Warning System, Intelligent Speed Assistance, GPS, and Adaptive Cruise 
Control. The questions will focus on the  investigation of the relationship between 
the usage of traffic safety technologies and the drivers' behavior. When Abu Dhabi is 
stated in the questions, this refers to the entire Abu Dhabi Emirate. Your 
participation in this study would be very valuable. 
Please answer all the questions and tick (  ) to indicate your view. 
Note: Your responses will be used for scientific research purposes only. Your 
answers will not be shown to anyone else, and you will not be identified. No action 
will be taken against you in respect of anything you say in the questionnaire. 
If you have any questions please do not hesitate to contact me via email: 
m80000435@zu.ae 
Thank you. 
The researcher 
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 ػض٠ضٞ اٌغبئك ...
اٌٙذف ِٓ ٘زا الاعزج١بْ ٘ٛ اٌغٕ١جٟ، غبٌت دوزٛساح ثغبِؼخ ٌٚفش٘بِزْٛ ثبٌٍّّىخ اٌّزؾذح.  أعّٟ ِغٍُ
وّب أْ  اٌؾصٛي ػٍٝ ٚعٙبد ٔظش ِغزخذِٟ اٌطشق اٌغش٠ؼخ فٟ إِبسح أثٛظجٟ ػٍٝ رمٕ١بد اٌغلاِخ اٌّشٚس٠خ.
ٌغلاِخ اٌّشٚس٠خ ٘زا الاعزج١بْ ٘ٛ عضء ِٓ ِغؼ خبص ثّذٜ ػلالخ اعزخذاَ الاعٙضح اٌزمٕ١خ فٟ ِغبي ا
(وبٌشاداساد ٚاٌٍٛؽبد الاٌىزشٚٔ١خ ٚٔظبَ رؾز٠ش اٌغبئم١ٓ فٟ ؽبٌخ أخفبض اٌشؤ٠خ ثبلإظبفخ ٌلأٔظّخ اٌذاػّخ 
ٌٍغبئم١ٓ فٟ اٌّشوجبد)  ثبٌؾٛادس اٌغغ١ّخ ٚاٌزٟ ٠ٕزظ ػٕٙب إصبثبد ثأٔٛاػٙب اٌّخزٍفخ (ثغ١طخ ِزٛعػ ثٍ١غخ) 
ٛظجٟ، ػٍّب ثأْ اعئٍخ الاعزج١بْ عزشوض ػٍٝ اوزشبف اٌؼلالخ ث١ٓ أٚ ٚف١بد ػٍٝ اٌطشق اٌغش٠ؼخ فٟ إِبسح أث
 اعزخذاَ رمٕ١بد اٌغلاِخ اٌّشٚس٠خ ٚعٍٛو١بد اٌغبئم١ٓ. 
ٚٔأًِ ِٓ خلاي ٘زٖ اٌذساعخ فٟ إ٠غبد ؽٍٛي رغؼً اٌغ١بلخ فٟ إِبسح أثٛظجٟ أوضش إِٔبً ٌٍغّ١غ ...اٌّمصٛد 
 ِذ٠ٕخ اثٛظجٟ،  ٔضّٓ رؼبٚٔىُ ثٙزا اٌخصٛص.ثأثٛظجٟ فٟ ٘زا الاعزج١بْ ٘ٛ إِبسح أثٛظجٟ ٌٚ١ظ 
 )  أِبَ الاعبثخ اٌزٟ رشٜ أٔٙب ِٕبعجخ ... اٌشعبء ِٕه ػض٠ضٞ اٌّغزجبْ الاعبثخ ػٍٝ الاعئٍخ ثٛظغ إشبسح (
ٍٔفذ أزجبٖ اٌغبئم١ٓ أْ إعبثبرُٙ عزغزخذَ لأغشاض اٌجؾش اٌؼٍّٟ .. ٚأٗ ٌٓ رطٍغ أ٠خ عٙخ ػٍٝ الاعبثبد ٌٚٓ 
٘ٛ٠خ اٌّغزجبْ ... وّب أٔٗ ٌٓ ٠زُ ارخبر أٞ إعشاء إصاء ِب ٠مذِٗ الاؿ اٌغبئك ِٓ ِؼٍِٛبد فٟ  ٠زُ اٌىشف ػٓ
 الاعزج١بْ.
 ٚفمىُ الله،،،
شاٌجبؽ
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1.1) Nationality (خ١سٕجٌا): - 
UAE  )داسبِلاا(  
ArabCountries يٚد( )خ١ثشػ  
Europeans)ْٛ١ثٚسٚأ( 
Asian Countries)خ٠ٛ١عأ يٚد( 
Other Countries)ٜشخآ يٚد( 
1.2) Gender )سٕجٌا( :- 
     Male)شور( 
 Female)ٟضٔأ( 
 
1.3) Age range (in years) ) دإٛسٌبث شّؼٌا( :- 
18 -21  
22 -30  
31 -45  
46 -60  
More than 60 )ِٓ شجوأ( 
 
1.4) Educational Level)ّٟ١ٍؼزٌا ٜٛزغٌّا(:- 
 
Primary ٟئاذزثا(  )  
Intermediate)داذػإ( 
Secondary)ٞٛٔبص( 
Under Graduate  )ٟؼِبع(  
Master)ش١زغعبِ( 
PhD)ٖاسٛزود( 
 
1.5) Work Status )خٌّٕٙا(:- 
Student   )تٌبغ(  
Employed )فظِٛ( 
Self-employed (Business) )يبّػأ ًعس( 
Retired)ذػبمزِ( 
Unemployed   )ًّؼٌا ٓػ ًغبػ(  
 
 
 
 
 
 
 
 
 
 
 
 
 Section 1: Respondent Profile)خ١صخش دبٔب١ث( 
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2.1) How many times do you normally use the highways in Abu Dhabi  ًبردبػ حشِ ُو(
)ٟجظٛثأ ٟف خؼ٠شغٌا قشطٌا َذخزغر?(Check one ػمف حذؽاٚ سبزخإ) 
 
Daily )ًب١ِٛ٠( 
3-4 times per week (3-4  )عٛجعلابث داشِ  
1-2 times per week (1-0 )عٛجعلابث حشِ  
3-4 times per month (3-4 )شٙشٌبث داشِ  
1 time per month )شٙشٌبث حذؽاٚ حشِ( 
Never )ًبللاغا بِٙذخزعا لا( 
Other )ٜشخأ خثبعإ( ----------------------- 
2.2) In the past 12 months, how many traffic violations did you commit  شٙشلاا ٟف(
12 )بٙ١ٍػ ذٍصح خ٠سٚشِ خفٌبخِ ُو ،خ١ضبٌّا ? 
None )ئش لا( 
1Violation (1 )خفٌبخِ  
2-5 Violations      (0- 5   )خفٌبخِ  
6-10 Violations       (6-12  )خفٌبخِ  
More than 10 Violations  ِٓ شضوأ(12 )دبفٌبخِ  
2.3) In the past 12 months, how many speed related violations did you have  ٟف(
 شٙشلاا12 )بٙ١ٍػ ذٍصحر خػشس خفٌبخِ ُو ،خ١ضبٌّا ? 
None )ئش لا( 
1Violation (1 )خفٌبخِ  
2-5 Violations      (0-5   )خفٌبخِ  
6-10 Violations       (6-12  )خفٌبخِ  
More than 10 Violations  شضوأ( ِٓ12 )خفٌبخِ  
2.4) In the last three years, how many serious traffic violations (lock) did you 
commit ))نٌٛ دبفٌبخِ( بٙ١ٍػ خٍصح حشطخ خفٌبخِ ُو ،دإٛس سلاث شخأ ٟف(? 
None )ئش لا( 
1Violation (1 )خفٌبخِ  
2-5 Violations      (0-5   )خفٌبخِ  
6-10 Violations       (6-12  )خفٌبخِ  
More than 10 Violations  ِٓ شضوأ(12 )دبفٌبخِ  
 Section2: Drivers‟ attitudes and driving habits )ُٙرادبػٚ ٓ١مئبغٌا دب١وٍٛع( 
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2.5) In the last three years, how many speed related violations for passing the 
speed limit by more than 60 Km/hr (Lock) did you commit   سلاث شخأ ٟف
بفث بٙث خحّٛسٌّا خػشسٌا صٚبجر خفٌبخِ ُو ،دإٛس قس00 )بٙ١ٍػ ذٍصح )نٌٛ خفٌبخِ( خػبس/ُو ? 
 
None )ئش لا( 
1Violation (1 )خفٌبخِ  
2-5 Violations      (0-5   )خفٌبخِ  
6-10 Violations       (6-12  )خفٌبخِ  
More than 10 Violations  ِٓ شضوأ(12 )دبفٌبخِ  
 
 
2.6) On a highway in Abu Dhabi with a speed limit of 120 Km/hr, how often do 
you drive faster than 140 Km/hr (enforcement speed)   خؼ٠شسٌا قشطٌا ٟف(
 ِٓ شثوأ خػشسث دٛمر ً٘ ،ٟجظٛثأث140  )ساداشٌا ظجض خػشس( خػبس /ُو ?  
Never )ًاذثأ( 
Rarely )ًاسدبٔ( 
Sometimes )ًبٔب١ؽأ( 
Often )ًبجٌبغ( 
Always     )ًبّئاد(  
 
2.7) How often do you exceed the speed limit under low visibility due to the 
weather conditions in Abu Dhabi highways   بِذٕػ خػشسٌٍ ٝصللأا ذحٌا صٚبجزر ً٘(
)ٟجظٛثأث خؼ٠شسٌا قشطٌا ٍٝػ خ٠ٛجٌا فٚشظٌا تجس خ٠ؤشٌا ٜٛزسِ ٟف ضبفخٔا هٌبٕ٘ ْٛى٠? 
 
Never )ًاذثأ( 
Rarely )ًاسدبٔ( 
Sometimes )ًبٔب١ؽأ( 
Often )ًبجٌبغ( 
Always     )ًبّئاد(  
2.8) How often do you reduce your driving speed under low visibility due to the 
weather conditions on the highways in Abu Dhabi   ْٛى٠ بِذٕػ هزػشس ففخر ً٘(
)ٟجظٛثأ ٟف خؼ٠شسٌا قشطٌا ٍٝػ خ٠ٛجٌا فٚشظٌا تجسث ًبضفخِٕ خ٠ؤشٌا ٜٛزسِ?  
 
Never )ًاذثأ( 
Rarely )ًاسدبٔ( 
Sometimes )ًبٔب١ؽأ( 
Often )ًبجٌبغ( 
Always     )ًبّئاد(  
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2.9) Which of the following actions do you normally take when there is a low 
visibility due to the weather conditions on the highways in Abu Dhabi   ف١و(
 ٟف خؼ٠شسٌا قشطٌا ٍٝػ خ٠ٛجٌا فٚشظٌا تجسث ً بضفخِٕ خ٠ؤشٌا ٜٛزسِ ْٛى٠ بِذٕػ فشصزر
)ٟجظٛثأ? (You can check more than one) )حذحاٚ ِٓ شثوأ سب١زخئ هٕىّ٠( 
 
 
Reduce speed )خػشغٌا ًٍلأ( 
Drive  up to speed limit   )دبزؼٌّا ٟف بٙث ػّٛغٌّا خػشغٌا دٚذؾث قٛعأ(  
Wait for police instructions )خغششٌا دبّ١ٍؼر شظزٔأ( 
Use warning signals)خ٠ش٠زؾزٌا داسبشلاا َذخزعأ( 
Drive as normal)دبزؼٌّبو دٛلأ( 
Park in nearest available parking )دبجوشٌٍّ فلِٛ ةشلأ ٟف فلأ( 
Wait off road  )ك٠شطٌا طسبخ شظزٔأ(  
Don't know what to do  اربِ فشػأ لا()ًؼفأ  
 
2.10) On a highway in Abu Dhabi, how often do you use car safety technologies  
such as, Intelligent Speed Assistance (ISA), Global Positioning System 
(GPS), and Adaptive Cruise Control system (ACC)   ٟف خؼ٠شسٌا قشطٌا ٟف(
 ٟف خِلاسٌا دب١ٕمر َذخزسر ً٘ ،ٟجظٛثأ ذ٠ذحزٌ ٌّٟبؼٌا َبظٌٕاٚ  ٟوزٌا خػشسٌا ذػبسّو حسب١سٌا
)ٟف١١ىزٌا خػشسٌا ذ١جثر َبظٔٚ غلاٌّٛا?  
 
Never )ًاذثأ( 
Rarely )ًاسدبٔ( 
Sometimes )ًبٔب١ؽأ( 
Often )ًبجٌبغ( 
Always     )ًبّئاد(  
 
3.1) How likely is to get a ticket if  you exceed the enforcement speed limit on the 
highway in Abu Dhabi ساداشٌا ظجض خػشس دصٚبجر ارئ خفٌبخِ ٍٝػ هٌٛصح خ١ٌبّزحئ ٟ٘ بِ(
)ٟجظٛثأ ٟف خؼ٠شسٌا قشطٌا ٍٝػ? 
 
Not at all likely       )ًاذع ذؼجزغٌّا ِٓ( 
Slightly likely         )ًلا١ٍل ًّزؾٌّا ِٓ(  
Moderately likely      )ًّزؾِ( 
Very likely )ًاذع ًّزؾٌّا ِٓ( 
Completely likely)ًبِبّر ًّزؾٌّا ِٓ( 
 
3.2) The use of speed cameras on the highways in Abu Dhabi has the potential to 
reduce the number of  serious road traffic accidents  ظجض داساداس َاذخزسا ْأ(
 )حش١طخٌا  خ٠سٚشٌّا سداٛحٌا دذػ ً١ٍمر ٍٝػ حسذمٌا خ٠ذٌ ٟجظٛثأ ٟف خؼ٠شسٌا قشطٌا ٍٝػ خػشسٌا. 
Strongly Disagree )حذشث ضسبػأ( 
Disagree )ضسبػأ( 
Neutral )ذ٠بؾِ( 
Agree )كفاٚأ( 
Strongly Agree )حذشث كفاٚأ( 
 Section3:Drivers‟ Opinions on the Use of Enforcement Technologies  ٓ١مئبسٌا ٞأس( ٟف
)ٞسٚشٌّا ظجضٌا دب١ٕمر َاذخزسا 
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3.3) The main purpose of use speed cameras (fixed, mobile, and gun) is to collect 
fines from the drivers ظجض داساداس َاذخزسئ ِٓ ٟس١ئشٌا فذٌٙا ْأث شؼشر ً٘(  خػشسٌا
)ٓ١مئبسٌا ِٓ ياِٛلأا غ١ّجزٌ ظمف )صبٕمٌا ،خوشحزٌّا ،خزثبثٌا( بٙػاٛٔأث. 
Strongly Disagree )حذشث ضسبػأ( 
Disagree )ضسبػأ( 
Neutral )ذ٠بؾِ( 
Agree )كفاٚأ( 
Strongly Agree )حذشث كفاٚأ( 
 
3.4) How likely is to see the warning signs  for speed cameras  when you drive on 
the highways in Abu Dhabi  تلاشِ ك٠شطٌا ْأث خ٠ش٠زحزٌا دبحٌٍٛ هرذ٘بشِ يبّزحا ٜذِ بِ(
    )ٟجظٛثأ ٟف خؼ٠شسٌا قشطٌا ٍٝػ حدب١مٌا ذٕػ  ساداشٌبث? 
 
Not at all likely       )ًاذع ذؼجزغٌّا ِٓ( 
Slightly likely         )ًلا١ٍل ًّزؾٌّا ِٓ(  
Moderately likely      )ًّزؾِ( 
Very likely )ًاذع ًّزؾٌّا ِٓ( 
Completely likely)ًبِبّر ًّزؾٌّا ِٓ( 
3.5) In the past 60 days, have you read, seen or heard anything about traffic 
safety technologies in Abu Dhabi  يا َب٠لأا ٟف(00  ٞأ ذؼّس ٚأ ، خ٠أس ٚأ ،دأشل ً٘ ٗ١ضبٌّا
ِلاسٌا دب١ٕمر ٓػ ءٟش)ٟجظٛثأ ٟف خ٠سٚشٌّا خ ? 
 
Yes )ُؼٔ( 
No )لا( 
Not Sure 
   )ذوأزِ ش١غ(  
3.6) In your opinion how important is to have the warning signs for the speed 
cameras on the highways  خػشسٌا ظجض حضٙجأ ِٓ ش٠زحزٌا دبحٌٛ شفٛر خ١ّ٘أ ٜذِ بِ ه٠أشث(
)خؼ٠شسٌا قشطٌا ٟف )داساداشٌا(? 
 
Not at all important)ًبللاغا خِّٙ ذغ١ٌ( 
 Slightly important       )ًلا١ٍل خِّٙ(  
 Moderately important   )خِّٙ(   
 Very important )ًاذع خِّٙ( 
 Extremely important )خ٠بغٌٍ خِّٙ( 
 
3.7) Given the fact that"There are clear effects of the enforcement technologies 
in the reduction of serious accidents and fatalities'' I would support their 
use by the police.   ٟف سٚد ٞسٚشٌّا ظجضٌا دب١ٕمزٌ ْأث  دبربجثئ نبٕ٘" ْأ خم١مح ٌٝئ شظٌٕبث(
)خطششٌا ًجل ِٓ بِٙاذخزسا ذ٠إر ً٘ ''دب١فٌٛاٚ حش١طخٌا سداٛحٌا ِٓ ذحٌا. 
Strongly Disagree ذشث ضسبػأ()ح  
Disagree )ضسبػأ( 
Neutral )ذ٠بؾِ( 
Agree )كفاٚأ( 
Strongly Agree )حذشث كفاٚأ( 
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3.8) In your opinion to what extent, the use of enforcement technologies 
may affect the following   ظجضٌا دب١ٕمر َاذخزسا شثإ٠ ذل ٜذِ ٞأ ٌٝئ ه٠أس ٟف(
)ٍٟ٠ بِ ٍٝػ ٞسٚشٌّا? 
 
 
 
Not Relevant 
)خٍص ذعٛر لا( 
Minimally Relevant 
)خط١غث خٍص دار( 
Fairly Relevant 
)بِ ذؽ ٌٝإ خٍص دار( 
Very 
Relevant 
 خٍص دار(
)حش١جو 
A Accidents frequency 
)سداٛؾٌا ساشىر( 
    
B Accidents severity  حذش(
)سداٛؾٌا 
    
 
3.9) I feel that the use of the different types of car safety systems such as, 
Intelligent Speed Assistance (ISA), Global Positioning System (GPS), 
Adaptive Cruise Control system (ACC), and Anti-Locking Braking 
System (ABS) help in reducing the number of serious road traffic 
accidents. (Accidents with fatalities and serious injuries)   َذخزسأ ْأث شؼشأ(
 ذ١جثر َبظٔٚ غلاٌّٛا ذ٠ذحزٌ ٌّٟبؼٌا َبظٌٕاٚ  ٟوزٌا خػشسٌا ذػبسّو حسب١سٌا ٟف خِلاسٌا دب١ٕمر
ػبس٠ ٟجظٛثأ ٟف خؼ٠شسٌا قشطٌا ٍٝػ ٟى١ربِٛرٚلاا خٍِشفٌا َبظٔٚ ٟف١١ىزٌا خػشسٌا ً١ٍمر ٍٝػ ذ
))دبثبصلإاٚ دب١فٌٛا سداٛح( خّ١سجٌا سداٛحٌا. 
 
Strongly Disagree )حذشث ضسبػأ( 
Disagree )ضسبػأ( 
Neutral )ذ٠بؾِ( 
Agree )كفاٚأ( 
Strongly Agree )حذشث كفاٚأ( 
 
3.10) In your opinion to what extent the use of enforcement technologies is 
sufficient in Abu Dhabi highways   ظجضٌا دب١ٕمر َاذخزسا خ٠بفو ٜذِ ٞأ ٌٝئ ،ه٠أس ٟف(
)ٟجظٛثأ ٟف خؼ٠شسٌا قشطٌا ٍٝػ ٞسٚشٌّا? 
 
Very insufficient     )ًاذثأ خ١فبو ش١غ(  
Insufficient         )خ١فبو ش١غ(  
sufficient)خ١فبو( 
Very sufficient         )ًاذع خ١فبو(  
Extremely sufficient         )خ٠بغٌٍ خ١فبو(  
 
3.11) I am a supporter of the use of enforcment techologies on the highways in 
Abu Dhabi  )ٟجظٛثأ ٟف خؼ٠شسٌا قشطٌا ٍٝػ ٞسٚشٌّا ظجضٌا دب١ٕمر َاذخزسلإ ٓ٠ذ٠إٌّا ِٓ بٔأ( . 
Strongly Disagree )حذشث ضسبػأ( 
Disagree )ضسبػأ( 
Neutral )ذ٠بؾِ( 
Agree )كفاٚأ( 
Strongly Agree )حذشث كفاٚأ( 
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4.1) The use of enforcement technologies increases the drivers' compliance to 
speed limit on the highways in Abu Dhabi  ِٓ ذ٠ضر ٞسٚشٌّا ظجضٌا دب١ٕمر َاذخزسا(
 )ٟجظٛثأ ٟف خؼ٠شسٌا قشطٌا ٍٝػ خػشسٌا دٚذحٌ ٓ١مئبسٌا يبثزِا. 
 
Strongly Disagree )حذشث ضسبػأ( 
Disagree )ضسبػأ( 
Neutral )ذ٠بؾِ( 
Agree )كفاٚأ( 
Strongly Agree )حذشث كفاٚأ( 
 
4.2) On a highway in Abu Dhabi how likely is that the presence of a speed camera 
will deter you from exceeding the speed limit   ً٘ ،ٟجظٛثأ ٟف خؼ٠شسٌا قشطٌا ٍٝػ(
 )بٙ١ف حّٛسٌّا خػشسٌا دٚذح صٚبجر ٓػ هػدش١س )داساداشٌا( خػشسٌا ظجض حضٙجا ذجاٛر 
Not at all likely       )ًاذع ذؼجزغٌّا ِٓ( 
Slightly likely         )ًلا١ٍل ًّزؾٌّا ِٓ(  
Moderately likely      )ًّزؾِ( 
Very likely )ًاذع ًّزؾٌّا ِٓ( 
Completely likely)ًبِبّر ًّزؾٌّا ِٓ( 
 
4.3) In your opinion what is the effect of the traffic safety technologies on 
addressing the following measures in Abu Dhabi highways   ش١ثأر ٛ٘بِ ،ه٠أس ٟف(
)ٟجظٛثأ ٟف خؼ٠شسٌا قشطٌا ٍٝػ خ١ٌبزٌا ش٘اٛظٌا خجٌبؼٌّ ٞسٚشٌّا ظجضٌا دب١ٕمر? 
 
 
 
Very low 
effect 
 طفخِٕ ش١صأر(
)ًاذع 
Low effect 
)طفخِٕ ش١صأر( 
Moderate 
effect 
)يذزؼِ ش١صأر( 
High 
effect 
 ش١صأر(
)غفرشِ 
Very high 
effect 
 غفرشِ ش١صأر(
)ًاذع 
A 
Drivers' compliance to 
traffic calming  ٓ١مئبغٌا يبضزِأ(
)خ٠سٚشٌّا خوشؾٌا خئذٙزٌ 
     
B 
Drivers' compliance to 
change speed limit  يبضزِأ(
)خػشغٌا دٚذؽ ش١١غزٌ ٓ١مئبغٌا 
     
 
 
4.4) The use of warning messages signs (such as variable messege sings) 
increases the drivers' compliance to speed limits on the highway in Abu 
Dhabi   يبثزِئ ِٓ ذ٠ض٠ )حش١غزٌّا ًئبسشٌا خحٍٛو( خ٠ش٠زحزٌا خ٠سٚشٌّا خِلاسٌا دب١ٕمر َاذخزسئ ْئ (
)ٟجظٛثأ ٟف خؼ٠شسٌا قشطٌا ٍٝػ بٙث حّٛسٌّا خػشسٌا دٚذحٌ ٓ١مئبسٌا. 
Strongly Disagree )حذشث ضسبػأ( 
Disagree )ضسبػأ( 
Neutral )ذ٠بؾِ( 
Agree )كفاٚأ( 
Strongly Agree )حذشث كفاٚأ( 
 
 Section 4:Drivers‟ Compliance to Speed Limits  )خػشسٌا دٚذحٌ ٓ١مئبسٌا يبثزِا( 
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4.5) The use of the different types of speed cameras (fixed, mobile, and gun) 
increases the drivers' compliance to speed limit on the highway in Abu 
Dhabi شسٌا ظجض حضٙجا ِٓ خفٍزخِ عاٛٔأ َاذخزسئ( )صبٕمٌاٚ خوشحزٌّاٚ خزثبثٌا داساداشٌا( ًثِ خػ
)ٟجظٛثأ ٟف خؼ٠شسٌا قشطٌا ٍٝػ ٜٛصمٌا خػشسٌا دٚذحٌ ٓ١مئبسٌا يبثزِئ ِٓ ذ٠ض٠. 
 
Strongly Disagree )حذشث ضسبػأ( 
Disagree )ضسبػأ( 
Neutral )ذ٠بؾِ( 
Agree )كفاٚأ( 
Strongly Agree )حذشث كفاٚأ( 
 
4.6) Which of the two types of enforcement cameras unhidden (fixed), or hidden 
(mobile, and gun) has greater potential in increasing  the drivers' 
compliance to speed limit on the highway in Abu Dhabi  داساداشٌا ِٓ عٛٔ ٞأ(
 )خزثبثٌا داساداشٌا( خحضاٌٛا داساداشٌا( خوشحزٌّا داساداشٌبو( غلٌّٛا خٍِٛؼِ ش١غٌا داساداشٌا ٚأ
 قشطٌا ٍٝػ بٙ١ف حّٛسٌّا خػشسٌا دٚذحٌ ٓ١مئبسٌا يبثزِئ حدب٠ضٌ شجوأ خ١ٔابىِئ بٙ٠ذٌ ))صبٕمٌاٚ
)ٟجظٛثأ ٟف خؼ٠شسٌا? 
Unhidden speed cameras)خؾظاٌٛاٚ خزثبضٌا داساداشٌا( 
Hidden speed cameras  ٚ خوشؾزٌّا داساداشٌا( )خؾظاٚ ش١غٌا  
Both have the same potential                )ش١صأزٌا ظفٔ بّٙ٠ذٌ بّٙ١ٍو(   
Not Sure  )ذوأزِ ش١غ(  
 
4.7) Do you think that if the police reduce the distance between the speed 
cameras on the highways in Abu Dhabi, a driver‟s compliance to speed limit 
will increase   ٟف خؼ٠شسٌا قشطٌا ٍٝػ دساداشٌا ٓ١ث دبلبسٌّا خٍٍل خطششٌا ْأ ٌٛ غلٛزر ً٘(
)بٙث حّٛسٌّا خػشسٌا دٚذحٌ ذ٠ض١س ٓ١مئبسٌا يبثزِئ ْاف ،ٟجظٛثأ? 
 
Not at all likely       )ًاذع ذؼجزغٌّا ِٓ( 
Slightly likely         )ًلا١ٍل ًّزؾٌّا ِٓ(  
Moderately likely      ؾِ()ًّز  
Very likely )ًاذع ًّزؾٌّا ِٓ( 
Completely likely 
)ًبِبّر ًّزؾٌّا ِٓ( 
 
 
5.1) Adverse weather conditions are considered as a regular phenomenon in 
Abu Dhabi highways )ٟجظٛثأ ٟف ٝؼ٠شسٌا قشطٌا ٍٝػ حش٘بظ شجزؼ٠ خ٠ٛجٌا ياٛحلأا ءٛس(. 
 
Strongly Disagree )حذشث ضسبػأ( 
Disagree )ضسبػأ( 
Neutral )ذ٠بؾِ( 
Agree )كفاٚأ( 
Strongly Agree )حذشث كفاٚأ( 
 
 Section 5: Drivers‟ Opinion to Adverse Weather Conditions   ءٛسٌ ٓ١مئبسٌا ٞأس(
 )خ٠ٛجٌا ياٛحلأا 
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5.2) I support the use of traffic safety technologies to mitigate the impact of  
adverse weather conditions on the safety of highways in Abu Dhabi  ذ٠إِ بٔأ(
 خؼ٠شسٌا قشطٌا ٍٝػ خئ١سٌا خ٠ٛجٌا فٚشظٌا داش١ثأر ِٓ ف١فخزٌٍ خ٠سٚشٌّا خِلاسٌا دب١ٕمر َاذخزسلإ
)ٟجظٛثأ ٟف. 
 
Strongly Disagree )حذشث ضسبػأ( 
Disagree )ضسبػأ( 
Neutral )ذ٠بؾِ( 
Agree )كفاٚأ( 
Strongly Agree )حذشث كفاٚأ( 
 
5.3) I am satisfied with the currents efforts in the use of traffic safety 
technologies to mitigate the impact of  adverse weather conditions on the 
safety of highways in Abu Dhabi  خِلاسٌا دب١ٕمر يبجِ ٟف خ١ٌبحٌا دٛٙجٌا ٓػ ٟضاس بٔأ(
)ٟجظٛثأ ٟف خؼ٠شسٌا قشطٌا ٍٝػ خئ١سٌا خ٠ٛجٌا ياٛحلاا خٙجاٌّٛ خ٠سٚشٌّا. 
 
Strongly Disagree )حذشث ضسبػأ( 
Disagree )ضسبػأ( 
Neutral )ذ٠بؾِ( 
Agree )كفاٚأ( 
Strongly Agree )حذشث كفاٚأ( 
 
5.4) In your opinion what is the effect of the following measures in addressing 
the impact that adverse weather conditions have on the safety of  Abu 
Dhabi highways  ٍٝػ خئ١سٌا خ٠ٛجٌا فٚشظٌا ش١ثأزٌ ٞذصزٌا ٟف خ١ٌبزٌا ش١ثاذزٌا ش١ثأر بِ ه٠أس ٟف(
ف خ٠سٚشٌّا خِلاسٌا)ٟجظٛثأ ٟف خؼ٠شسٌا قشطٌا ٟ ? 
 
 
Very low 
effect 
 ش١صأر(
)ًاذع طفخِٕ 
Low 
effect 
 ش١صأر(
)طفخِٕ 
Moderate 
effect 
 ش١صأر(
)يذزؼِ 
High 
effect 
 ش١صأر(
)غفرشِ 
Very high 
effect 
 غفرشِ ش١صأر(
)ًاذع 
A 
Additional  conventional 
enforcement 
)خ٠ذ١ٍمزٌا ػجعٌا ت١ٌبعأ حدب٠ص( 
     
B More education )شضوأ خ١ػٛر(      
C 
Traffic calming (Enforcement 
technologies)  سٚشٌّا خوشؽ خئذٙر(
)داساداشٌبو ٞسٚشٌّا ػجعٌا دب١ٕمزث 
     
D 
Changing speed limit 
(Enforcement technologies) 
(خػشغٌا دٚذؽ ش١١غر  ػجعٌا دب١ٕمزث
)داساداشٌبو ٞسٚشٌّا 
     
E 
More variable message signs 
)حش١غزٌّا ًئبعشٌا دبؽٌٛ حدب٠ص( 
     
F 
Send live information to 
highway users 
 ِٟذخزغٌّ حششبجِ دبٍِٛؼِ يبعسإ(
)ك٠شطٌا 
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5.5) In your opinion what is the effect of weather management technologies 
(such as, Low Visibility Motorist Warning System)  to address driving error 
under  low visibility conditions in Abu Dhabi highways (Fog and dust)  ٟف(
سمطٌا حسادئ دب١ٕمر ش١ثأر ٛ٘ بِ ،ه٠أس  أطخأ خجٌبؼٌّ خ٠ؤشٌا ضبفخٔأ ِٓ ٓ١مئبسٌا ش٠زحر َبظٕو
 ةبجضٌا دلابح ٟف( ٟجظٛثأ  ٟف خؼ٠شسٌا قشطٌا ٍٝػ خ٠ؤشٌا ٜٛزسِ ضبفخٔا ءبٕثأ ٓ١مئبسٌا
))سبجغٌاٚ? 
Very low effect )ًاذع طفخِٕ ش١صأر( 
Low effect )طفخِٕ ش١صأر( 
Moderate effect )يذزؼِ ش١صأر( 
High effect  ش١صأر()غفرشِ  
Very high effect )ًاذع غفرشِ ش١صأر( 
 
 
6.1) In your opinion, to what extent does the use of enforcement technologies 
may affect the following ( ْأ ٞسٚشٌّا ظجضٌا دب١ٕمر َاذخزسلا ٓىّ٠ ٜذِ ٞأ ٌٝئ ه٠أس ٟف
)ٍٟ٠ بِ ٍٝػ شثإر? 
 
Not 
Relevant  لا(
)خٍص ذعٛر 
Minimally 
Relevant 
)خط١غث خٍص دار( 
Fairly Relevant 
)بِ ذؽ ٌٝإ خٍص دار( 
Very 
Relevant 
 خٍص دار(
)حش١جو 
A 
compliance to the 
traffic laws 
 ْٛٔبمٌ ْٛٔبمٌٍ يبضزِلاا(
)سٚشٌّا 
    
B 
Not driving recklessly 
)سٛٙرٚ ش١طث حدب١مٌا َذػ( 
    
C 
Driving under the 
influence of alcohol or 
drugs 
 يٛؾىٌا ش١صأر ذؾر حدب١مٌا(
)داسذخٌّاٚ 
    
D 
Driving under the 
influence of fatigue and 
sleepiness 
 تؼزٌا ش١صأر ذؾر حدب١مٌا(
)طبؼٌٕاٚ 
    
 
 
 
 
 
 
 
 
 
 
 
 
 Section 6: Drivers‟ Opinion on How Technologies Can Deter Traffic Offenses (
 ً ب٠سٚشِ ٓ١فٌبخٌّا عدس دب١جٌٕٛٛىزٌٍ ٓىّ٠ ف١و ٓػ ٓ١مئبسٌا ٞأس 
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6.2) n your opinion what is the effect of the following measures to address 
reckless driving behavior in Abu Dhabi highways  بِ ،ه٠اس ٟف( ش١ثاذزٌا ش١ثأر ٛ٘
)ٟجظٛثأ ٟف خؼ٠شسٌا قشطٌا ٟف حسٛٙزٌّا حدب١مٌا دب١وٍٛس خجٌبؼٌّ ٖبٔدأ يٚذجٌا ٟف خ١ٌبزٌا? 
 
6.3) In your opinion if the highway is equipped with enforcement cameras or 
other safety technologies how likely is for a driver to take the following 
actions  دب١ٕمزث حضٙجِ خؼ٠شسٌا قشطٌا ذٔبو ٌٛ ،ه٠أس ٟف( ْأ ٓ١مئبسٌٍ ٓىّ٠ ً٘ ٞسٚشٌّا ظجضٌا
)ٖبٔدأ يٚذجٌا ٟف ٌٟبزٌا اٍّٛؼ٠? 
 
 
Not at all 
likely 
 ذؼجزغٌّا ِٓ(
)ًاذع 
Slightly 
likely 
      ِٓ(
)ًلا١ٍل ًّزؾٌّا 
Moderately 
likely 
)ياذزؼث ًّزؾِ( 
Very 
likely 
 ًّزؾٌّا ِٓ(
)ًاذع 
Completel
y likely 
 ًّزؾٌّا ِٓ(
)ًبِبّر 
A 
Change the lane suddenly 
)سبغٌٍّ أعبفٌّا ش١١غزٌا( 
     
B 
Overtaking in a wrong way 
)خئغبخ حسٛصث صٚبغزٌا( 
     
C 
Exceeding maximum speed 
limit  
)بٙث ػّٛغٌّا خػشغٌا صٚبغر( 
 
     
D 
Drive  below the minimum 
speed limit 
)ٗث ػّٛغٌّا ذؾٌا ِٓ ًلأث خلب١غٌا( 
     
E 
Fail to have a safety distance 
with leading vehicle 
)دبجوشٌّا ٓ١ث خ١فبو خفبغِ نشر َذػ( 
     
F 
Using hand-held mobile phone 
while driving  
     
 
Very low 
effect 
 ش١صأر(
)ًاذع طفخِٕ 
Low 
effect 
 ش١صأر(
)طفخِٕ 
 Moderate 
effect 
)يذزؼِ ش١صأر( 
High 
effect 
 ش١صأر(
)غفرشِ 
Very high 
effect 
 غفرشِ ش١صأر(
)ًاذع 
A 
Additional  conventional 
enforcement (Such as 
intensify patrols in the roads) 
 خ٠ذ١ٍمزٌا ػجعٌا ت١ٌبعأ حدب٠ص(
 )دبلشطٌا ٍٝػ دب٠سٚذٌا ف١ضىزو 
     
B 
New enforcement 
technologies (Such as, speed 
cameras and Variable 
Message Sings) 
 دب١ٕمر َاذخزعا( خض٠ذؾٌا ػجعٌا
 خ١صٌٕا ًئبعشٌا دبؽٌٛٚ داساداشٌبو
)حش١غزٌّا 
     
C 
Additional Drivers Training 
)ٓ١مئبغٌا ت٠سذر حدب٠ص( 
     
D 
Lowering the  speed limit 
)خػشغٌٍ ٝصللاا ذؾٌا طفخ( 
     
E 
More CCTV use 
)خجلاشٌّا داش١ِبو َاذؾزعإ حدب٠ص( 
     
F 
New Vehicle safety 
technologies 
)دبجوشٌّبث خِلاغٌا خّظٔا َاذخزعا( 
     
CKNOWLEDGEMENTS 
Appendix(E): Questionnaires 
 
 
312 Musallem Al Junaibi, PhD Student, 2013 
 
)حدب١مٌا ءبٕصأ نشؾزٌّا ْٛفٍزٌا َاذخزعا( 
G 
Failure to fasten seat belt while 
driving  
 ِٓلاا َاضؽ ػثس َذػ()حدب١مٌا ءبٕصأ  
 
     
H 
Driving dangerously (racing), 
Reckless driving, Driving 
causing danger to others, and 
Sudden swerve 
ٖشطخ حسٛصث حدب١مٌا(-  حدب١مٌا ،كثبغزٌا
 ٍٝػ شطخ ًىشر حسٛصث حدب١مٌا ،سٛٙزث
)ئعبفٌّا فاشؾٔلاا هٌزوٚ ،ٓ٠شخلأا 
     
 
 
6.4) In your opinion to what extent, the use of traffic safety technologies is 
sufficient for deterring  drivers' from traffic offenses in Abu Dhabi 
highways  عدشٌ خ١فبو ْٛىر ْأ خ٠سٚشٌّا خِلاسٌا دب١ٕمر َاذخزسلا ٓىّ٠ ذح ٞأ ٌٝئ ،ه٠أس ٟف(
شٌّا دبفٌبخٌّا ِٓ ٓ١مئبسٌا)ٟجظٛثأ ٟف خؼ٠شسٌا قشطٌا ٍٝػ خ٠سٚ ? 
 
Very insufficient     )ًاذثأ خ١فبو ش١غ(  
Insufficient         )خ١فبو ش١غ(  
sufficient)خ١فبو( 
Very sufficient         )ًاذع خ١فبو(  
Extremely sufficient         )خ٠بغٌٍ خ١فبو(  
6.5) On a highway in Abu Dhabi how likely is that the traffic existing 
technologies can deter you from traffic offenses  ٝ ٌئ ،ٟجظٛثأ ٟف خؼ٠شسٌا قشطٌا ٍٝػ(
)دبفٌبخٌّا ةبىرسا ِٓ ًب١ٌبح حدٛجٌّٛا خ٠سٚشٌّا دب١ٕمزٌا هػدشر ْأ ٓىّ٠ ذح ٞأ? 
 
Not at all likely       )ًاذع ذؼجزغٌّا ِٓ( 
Slightly likely        ٍل ًّزؾٌّا ِٓ( )ًلا١  
Moderately likely      )ًّزؾِ( 
Very likely )ًاذع ًّزؾٌّا ِٓ( 
Completely likely)ًبِبّر ًّزؾٌّا ِٓ( 
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QUESTIONNAIRE FOR EXPERTS 
THE DIRECT EFFECTS OF THE USE OF TRAFFIC SAFETY 
TECHNOLOGIES 
ON OTHER TRAFFIC SAFETY ELEMENTS 
Dear Expert, 
My name is Musallem Al Junaibi. I am a PhD student at the University of 
Wolverhampton. The aim of this survey is to collect the traffic safety experts' views 
on traffic safety technologies and their deployment in Abu Dhabi's highways. This 
survey is part of a research project that investigates the relationship between the use 
of traffic safety technologies and the number of serious road traffic accident in Abu 
Dhabi highways. Traffic safety technologies refer to systems such as speed cameras, 
electronic signboards on highways, Low Visibility Motorist Warning System, 
Intelligent Speed Assistance, GPS, and Adaptive Cruise Control. The survey 
questions will aim to examine the direct effects of the use of traffic safety 
technologies on other traffic safety elements. It is envisaged that the outputs from the 
research will contribute to safer driving in Abu Dhabi highways for everyone. When 
Abu Dhabi is stated in the questions, this refers to the entire Abu Dhabi Emirate. 
Your participation in this study would be very valuable. 
Please answer all the questions and tick (  ) to indicate your view. 
Note: - Your responses will be used for scientific research purposes only. Your 
answers will not be shown to anyone else, and you will not be identified. No action 
will be taken against you in respect of anything you say in the questionnaire. 
If you have any questions please do not hesitate to contact me via email: 
m80000435@zu.ae 
Thank you. 
The researcher
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1. Occupation 
 Public SectorPrivate Sector 
 
2. Employer 
 
 
4 
3. Nationality: - 
 
 
 
4. Gender:- 
 MaleFemale 
 
5.  Age range (in years):- 
 
 
6. Years of experience (in traffic safety):- 
 
 
7. Years of experience in the UAE:- 
 
 
8. Educational level:- 
 
 
9. Job cadre:- 
 
 
 
B.1)  Are you satisfied with the existing speed management technologies 
(traffic enforcement) in Abu Dhabi highways? 
 
 
 
B.2)  Are you satisfied with the existing weather management technologies 
(Low Visibility Warning System) in Abu Dhabi highways? 
 
 
 
B.3)  Are you satisfied with the existing Variable Message Signs (to guide and 
warning drivers) coverage in Abu Dhabi highways?  
 
 
 Part A:-  Respondent Profile   
 Part B:- Experts view about the existing situation in Abu Dhabi highways 
UAEGCC Other ArabAsian Countries Other Countries 
 
0-2 years 3-5years 6-10  years    10-14 years≥15years 
Under Graduate  Master   PhD 
Line Manager           Middle Management     Top Management  
 AD Police DoT   Municipality UPC 
Contractor  Consultant   Other 
5-10years 11-15years16-20 years     21-25years       ≥26years 
>30      30 -40   41-50  
51-60     More than 60  
Not at all satisfied  Slightly satisfied Moderately satisfied 
Very satisfied  Completely satisfied  
Not at all satisfied  Slightly satisfied Moderately satisfied 
Very satisfied  Completely satisfied  
Not at all satisfied  Slightly satisfied Moderately satisfied 
Very satisfied  Completely satisfied  
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B.4)  Are you satisfied with the existing use of  driver support or traveler 
information systems (such as navigation routing systems, and real time traffic 
and traveler data systems) in Abu Dhabi highways? 
 
 
B.5)  Abu Dhabi Highways need improvement in the field of traffic safety 
technologies. 
 
 
B.6)  What traffic safety systems  and technologies would you like to  see 
deployed in Abu Dhabi's highways? Please explain.  
 
       
………………………………………………………………………………………… 
 
…………………………………………………………………………………………
. 
            
………………………………………………………………………………………… 
Strongly Disagree Disagree Neutral Agree  Strongly Agree 
   
Not at all satisfied  Slightly satisfied   Moderately satisfied 
Very satisfied  Completely satisfied  
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C.1) The use of the speed cameras on the highways in Abu Dhabi can reduce 
the number of serious road traffic accidents (Accident with fatalities and 
injuries). 
 
C.2) The use of enforcement technologies increases the drivers' compliance to 
the traffic laws on the highways in Abu Dhabi. 
 
 
C.3) The use of the different types of speed cameras (fixed, mobile, and gun)  
are effective in improving the traffic safety in Abu Dhabi highways. 
 
 
C.4) Is it  important to provide warning signs  for the speed cameras in the 
highways? 
 
 
C.5) In your opinion what is the effect of the enforcement technologies on the 
severity of accidents? 
 
C.6) The use of the average speed camera (point to point radar)in Abu Dhabi 
can be  more effective than the use of point radar (normal one).  
 
 
 
C.7) What is your opinion regarding the following  statement "There is a 
positive relationship between the use of enforcement technologies in the 
reduction in the number of severe accidents, injuries and fatalities''? 
 
 
C.8) To what extent, do you think enforcement technologies affect the 
following? 
 Not Relevant 
Minimally 
Relevant 
Fairly Relevant 
Very 
Relevant 
a 
Compliance to the 
traffic laws 
    
b Accidents frequency     
c Accidents' severity     
 
 Part C:-  Direct effects of the use of traffic safety technologies on enforcement 
 Increase the severity  No effect  Decrease the severity 
Not at all important      Slightly important     Moderately important 
Very important    Extremely important 
Strongly Disagree Disagree Neutral Agree  Strongly Agree 
   
Strongly Disagree Disagree Neutral Agree      Strongly Agree 
   
Strongly Disagree Disagree Neutral Agree      Strongly Agree 
   
Strongly Disagree Disagree Neutral Agree      Strongly Agree 
   
Strongly Disagree Disagree Neutral Agree      Strongly Agree 
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C.9) Enforcement officers (conventional enforcement) techniques could be 
replaced by automated enforcement techniques. 
 
  
C.10) How supportive are you to the use of speed management technologies in 
Abu Dhabi highways? 
 
Not supportive    Minimally supportive 
Fairly supportive                Very supportive    
C.11) Which of the following types of enforcement do you consider more 
effective? 
 
 Conventional enforcement  (Use of enforcement officers)   
 Use of automated speed management technologies 
 Other …………………………………….. 
 
C.12) Traffic safety technologies can have a direct effect in traffic enforcement. 
 
 
C.13) In your opinion which of the following accident causes can be mitigated 
by the use of advanced safety technologies? (You can check more than 
one) 
 
 
 
C.14) In your opinion which is the most important area of surveillance of 
traffic in Abu Dhabi highways? 
…………………………………………………………………………………
……………….. 
 
 
D.1) There is a direct relationship  between the use of traffic safety 
technologies and engineering or highways design shortfalls in Abu Dhabi 
highways 
 
 
 
 
 
 
 
 
 
 
 Part D:-  Direct effects of the use of traffic safety technologies on traffic 
engineering 
Strongly Disagree Disagree Neutral Agree       Strongly Agree 
   
Strongly Disagree Disagree Neutral Agree         Strongly Agree 
   
Strongly Disagree Disagree Neutral Agree     Strongly Agree 
   
Fatigue      Sleepiness    
Handheld mobile devices    Driving under the influence of alcohol and drugs 
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D.2) What is the effect of speed cameras in addressing the following 
engineering and highways design shortfalls in Abu Dhabi? 
 
 
Very low 
effect 
Low 
effect 
Moderate effect 
High 
effect 
Very 
high 
effect 
a 
Treatment of hazardous 
locations (local hazardous 
such as, random entrance) 
     
b Cross-section treatment      
c Roadside treatment      
d Junctions treatment      
f 
Weaving section 
treatment 
     
g Ramp treatment      
h Horizontal alignment      
i Vertical alignment      
 
D.3) What is the effect of Variable Message Sings in addressing the following 
engineering and design shortfalls in Abu Dhabi highways? 
 
 
 
 
 
 
 
 
Very low 
effect 
Low 
effect 
Moderate 
effect 
High 
effect 
Very high 
effect 
a 
Treatment of hazardous 
locations (local hazardous 
such as, random entrance) 
     
b Cross-section treatment      
c Roadside treatment      
d Junctions treatment      
f 
Weaving section 
treatment 
     
g Ramp treatment      
h Horizontal alignment      
i Vertical alignment      
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D.4) What is the effect of driver support systems (such as navigation routing 
systems, and  real time traffic and traveler data systems)  in addressing 
the following engineering and design shortfalls in Abu Dhabi highways?  
 
Very low 
effect 
Low 
effect 
Moderate 
effect 
High 
effect 
Very high 
effect 
A 
Treatment of hazardous 
locations (local hazardous 
such as, random entrance) 
     
B Cross-section treatment      
C Roadside treatment      
d Junctions treatment      
f 
Weaving section 
treatment 
     
g Ramp treatment      
h Horizontal alignment      
i Vertical alignment      
 
D.5) Traffic safety technologies can reduce the dangers posed from temporary 
work zones (detours) on Abu Dhabi highways.  
 
 
E.1) There is a direct relationship between the effectiveness of traffic safety 
technologies and a driver's training. 
 
 
E.2)  The use of traffic safety technologies increases the drivers' awareness 
about road hazards in Abu Dhabi highways. 
 
 
E.3) Additional driver training is required to raise awareness and 
understanding of modern traffic safety technologies. 
 
 
 
F.1) There are  direct effects  between the use of traffic safety technologies 
and the effectiveness of emergency responses in Abu Dhabi highways. 
 
 Part E:-  Direct effects of the use of traffic safety technologies on driver's 
education 
 Part F:-  Direct effects of the use of traffic safety technologies on emergency 
response 
Strongly Disagree Disagree Neutral Agree     Strongly Agree 
   
Strongly Disagree Disagree Neutral Agree    Strongly Agree 
   
Strongly Disagree Disagree Neutral Agree      Strongly Agree 
   
Strongly Disagree Disagree Neutral Agree          Strongly Agree 
   
Strongly Disagree Disagree Neutral Agree     Strongly Agree 
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F.2) Variable Message Signs (onboard information's) can improve the 
response times of emergency vehicles in Abu Dhabi. 
 
 
F.3) The use of modern communication technologies can improve the 
response time of the emergency vehicles in Abu Dhabi. 
 
 
F.4)  An operator's efficiency and capability in taking an appropriate and 
prompt action is enhanced by the use of traffic safety technologies. 
 
 
 
F.5) Traditional notifications about accidents in Abu Dhabi highways can be 
dispensed better by using the new technologies (CCTV, Sensors, etc.).  
 
 
 
F.6) In regards to traffic safety: What do you think is still missing in Abu 
Dhabi highways? 
…………………………………………………………………………………
………................................................................................................................ 
 
F.7) Do you have any additional concerns, comments, or suggestions? 
           
.............................................................................................................................
............................................................................................................................. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Strongly Disagree Disagree Neutral    Agree      Strongly Agree 
   
Strongly Disagree Disagree Neutral Agree       Strongly Agree 
   
Strongly Disagree Disagree Neutral Agree      Strongly Agree 
   
Strongly Disagree Disagree Neutral Agree       Strongly Agree 
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LETTER TO THE PANEL 
RE: Questionnaire Surveys for PhD programme titled  
―The Relationship Between the Use of Traffic Safety Technologies and Serious Road 
Traffic Accidents in Abu Dhabi High-Ways ― 
 
My name is Musallem Al Junaibi. I am a PhD student at the University of 
Wolverhampton. The enclosed questionnaires are part of a PhD research study 
seeking to identify the relationship between the use of traffic safety technologies and 
the characteristics of serious traffic accidents in Abu Dhabi highways. The aim of the 
first survey (Drivers questionnaire) is to seek Abu Dhabi highways users' views on 
traffic safety technologies. The questions will focus on the investigation of the 
relationship between the usage of traffic safety technologies and the drivers' 
behavior.  
The aim of the second survey (Experts questionnaire) is to collect the traffic safety 
experts' views on traffic safety technologies and their deployment in Abu Dhabi's 
highways. The survey questions will aim to examine the direct effects of the use of 
traffic safety technologies on other traffic safety elements. It is envisaged that the 
outputs from the research will contribute to safer driving in Abu Dhabi highways for 
everyone. 
I would really appreciate your opinion on the clarity and suitability of the questions. 
Please review each item and then mark a (  ) in the opposite box to point out 
whether you think it is :-  
 Very relevant  
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 Fairly relevant 
 Minimally relevant 
 Not relevant  
Would you please also show, on the foundation of its relevance and understand 
ability, whether you think the item should be:-  
 Deleted 
 Rephrased  
 Retained in its present form   
Please comment on other features of the surveys (such as, presentation, its length, 
format etc.). 
If you have any questions please do not hesitate to contact me via email: 
m80000435@zu.ae 
Thank you,,, 
 
Musallem Al Juanibi 
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UNIVERSITY OF WOLVERHAMPTON 
SCHOOL OF TECHNOLOGY 
 
ETHICAL CONSIDERATION FOR RESEARCH PROGRAMMES 
 
Section 1: Your details 
First Name & 
Surname: 
Musallem Al Junaibi Student No: 1224288 
Project Title The Relationship Between the Use of Traffic Safety Technologies 
and the Serious Road Traffic Accidents in Abu DhabiHighways 
Director of Studies: Dr.Georgakis, Panagiotis 
 
Section 2: Your Project Topic 
2.1The Emirate of Abu Dhabi is contemporary adopting a comprehensive development 
plan in all aspects of life. It shows a huge interest in developing plans and measures for 
the renaissance through integration for a future vision for the emirate to 2030. The 
realization of this vision will require development and improvements of Traffic 
Management through enhancing traffic safety and improving traffic performance. The 
collaboration of vehicle and highway to provide transportation must be treated as a 
system as Rodney K. Lay (2003) suggested in his research. It is suitable here to say 
when you work to prepare a strategy for traffic management, it is very important to 
consider the most motivating factors for the safety as the humanitarian concerns, 
economic costs and benefits, and legal and regulatory considerations. Usually the 
transportation systems operating in a developing country may not be as economically, or 
as efficient as the ones in developed countries. According to my point of view the 
challenges that might be seen as a problem for the future development of Abu Dhabi can 
be the management and the use of traffic safety technology devices to reduce the serious 
road traffic accidents. 
This research examines the possibility of the traffic safety technologies in reducing the 
serious traffic accidents in the conditions of Abu Dhabi by studying the relationship 
between traffic safety technology and the serious accidents in the highways.  
2.2 Will information or artefacts resulting from your project be 
available externally to the University?  
Yes  
2.2.1 
If you answered „yes‟ to 2.2,  
Will any such information place anyone at risk or possibly 
result in any action that might be detrimental to their 
wellbeing? (See guidelines) 
No 
2.2.2 
In what format will the information or artefacts be made 
available? 
Thesis soft and hard will be kept in the 
university library and these could be 
borrowed by researchers. 
 
Results of the study will also be 
published in journals and conference 
proceedings. 
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Please attach samples with this form if you intend to do interviews, surveys, or questionnaires. 
3.1   Does any part of your proposed 
project involve human participants?   
Yes 
If „no‟ proceed to section 4     
3.2   Please explain any aspects of the project, which might be detrimental to the wellbeing of any human 
participants in your project. 
Nothing  
3.3  Are there other ways you might meet your project aims without involving human participants? If not, 
why? 
 No, Because I need to take human response and feedback. I will use questionnaires to get these 
responses and possibly focus groups.  
3.4  How will you select your participants? 
Concerning this study, selected sample will be adopted for the traffic safety experts 
questionnaire. This choice based on prior knowledge of the researcher for members of 
these samples. On the other hand, Stratified random sampling will use for the drivers 
questionnaire because it is a probability method that gives every member of the 
population equal chance of being selected as a sample.  
(It will be a mixed-method approach, but principally a quantitative and deductive approach will be 
used to study the relationship between the use of traffic safety technologies and the serious road 
accidents.) 
3.5  How many participants will you contact?  
Around 75 participants for the experts survey 
Around 500 participants for the drivers survey 
3.6  How will you approach potential participants? E.g. email, letter, face to face? Please append text of 
any letter or email? Participants for the interviews 
Participants to be approached by Face-to-Face, and Emails contact 
3.7  Are your participants adults? (over 18 and competent to give consent) If no, answer 3.7.1. (See 
guidelines) 
 
Yes 
3.7.1  Are your participant‘s children or adults under 
18 and not competent to give consent? If yes, why is 
it necessary to involve these participants?  
No 
3.8  Are you offering any incentives to any of your 
participants, financial or otherwise? (See guidelines) 
No 
3.9  How much time do you estimate will be needed 
from any participants? (See guidelines) 
  
About 30 minutes to answer the complete 
questionnaire 
 
About 1 hour to discuss each focus group, if 
necessary 
3.10     Please list the method of data collection and analysis intended to be used 
 
Questionnaires will be used to study the relationship between the use of traffic safety 
technologies and the serious road traffic accidents in Abu Dhabi highways. By using 
online survey with the SPSS, descriptive statistics will be used to analyse the data. See 
Appendix 1 for driver questionnaire and appendix 2 for traffic safety experts. 
 
Focus groups from Abu Dhabi Police officers will be used to design a framework that 
can be used to advice the regional safety strategy to be sustainable. Details of focus 
groups will be agreed with my supervisors.  
3.11   Will all of the data collected Yes. 
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contribute towards your results? 
 
 
 
Section 4: Confidentiality and data handling 
Please read methods of ensuring confidentiality in the guidelines. 
4.1 Will you ensure the anonymity of data collected from/and about 
participants?  
Yes 
4.1.1 Please explain how this will be achieved. 
 
All the Data will be protected. Names of individuals will not be used while processing data. 
Instead, codes will be used to represent the respondents only in the experts questionnaires'. 
A password will be used to access the file containing the data and this password will not be given 
to anybody. 
4.2 Will you store/protect data collected from individuals 
e.g. password protected files?  
 
Yes 
4.3 Once your project is complete and information is no 
longer needed, will you destroy your data?  
 
Yes 
4.4 Will anyone else have access to the data collected?  Yes  
If so,  
(i) please name the individuals and/or groups that will have 
access; 
(ii) why is access being given to those listed in (i)? 
(i) My supervisors, who rae:  
Dr.Georgakis, 
PanagiotisProfessor Sabah 
Mushatat 
(ii) Assessors may also want to see the 
data 
 
Section 5: Working with other parties and companies 
5.1 Will you be using data on subjects held by another party or 
organisation?  
No 
If Yes,  
(i)  Please give details. 
(ii) How will you gain access to this information? 
 
5.2 Do you require written permission from a company, organisation 
or location, e.g. an employer or local authority?  
No 
If Yes,  
(i)  Please complete an external agreement form and include this with 
your submission. 
 
NB: If working with another organisation or company please familiarise yourself with their Health 
& Safety procedures. 
 
Things you must be aware of: 
 
Data Protection Act: http://www.ico.gov.uk/what_we_cover/data_protection.aspx 
Freedom of Information Act: http://www.opsi.gov.uk/Acts/acts2000/ukpga_20000036_en_1 
University of Wolverhampton Ethical Approval Procedural Guidelines 
 
Checklist: 
1. If you are using a questionnaire or interview sheet please include a list of sample questions 
with your submission.  
2. In addition, please include an introductory cover letter stating some information about you, 
your project proposal and how your data will be used. 
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3. If you are undertaking a project involving a company or organisation you will need to show 
that you have approval from that organisation. Please include a completed copy of the 
External Agreement Form.  
 
 
 
Student‟s Declaration 
Sign and date against one declaration only 
Category 0. 
My project involves no human participation except for myself 
and I agree to ensure that any information or artefact produced 
will not be available outside the University.  
 
Category A1. 
My project involves limited human participation and I agree to 
ensure that  
(i) any such participation is not detrimental in any 
way to the interests of the participants; 
(ii) all information collected as a part of the project 
will be handled in accordance with the answers 
that I gave to question 4; 
(iii) No information or artefacts which may place 
anyone at risk or be detrimental to their wellbeing 
will be made available outside the University. 
 
 
 
 
Category A2.  
My project involves human participation and may present some 
risk to participants. I have considered alternative means of 
pursuing the project which do not entail this risk but believe 
that there is no practicable alternative. I agree to ensure that I 
take all necessary steps to minimise risks to participants and 
third parties. I agree not to proceed with any activities 
involving human participation until I have received approval 
from the Department Ethics Panel. 
 
Category B-E. My project does not conform to Category 0, A1 
or A2. I have considered alternative means of pursuing the 
project which do not entail risk to human participants but 
believe that there is no practicable alternative to the proposal 
made. I agree to ensure that I take all necessary steps to 
minimise risks to participants. I agree not to proceed with any 
activities involving human participation until I have received 
approval from the School or University Ethics Committee, as 
appropriate. 
 
 
Director of Studies/Principal Investigator‟s Declaration 
Sign and date against one declaration only 
Category 0 or A1. I concur with the classification of this project as 0 
or A1 and authorise continuation of the project pending consideration 
by the School Ethics Committee 
 22/04/2014 
 
Other. I believe that this project should be classified other than 0 or 
A1. I will ensure that no activities involving human participants take 
place until and unless approval is granted by the School Ethics 
Committee 
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FOR SUPERVISOR/PANEL/COMMITTEE USE ONLY: 
 
 
CLASSIFICATION ALLOCATED BY SUPERVISOR 
0, A1  Supervisor Action: Authorise and forward to SEC Date  
Other  Supervisor Action: Refer to DEP for decision Date  
CLASSIFICATION ALLOCATED BY SCHOOL ETHICS COMMITTEE 
0, A1  SEC Action: Continuation of project approved Date 1/5/2014  
A2, B  Considered by SEC below Date  
2.3 Is any risk associated with access to project acceptable in 
context? If no, give reasons below: 
Yes ✔ No  
 
3.1 Is involvement of human participants justified? If no, 
give reasons below: 
Yes ✔ No  
 
3.3 Is experimental method acceptable with regard to risk 
and inconvenience to participants? If no, give reasons below: 
Yes ✔ No  
 
4 Are arrangements for confidentiality and data protection 
appropriate? If no, give reasons below 
Yes ✔ No  
 
5 Do arrangements for working with external bodies protect 
interests of participants and the external bodies? If no, give 
reasons below 
Yes ✔ No  
 
SEC Action: Continuation of 
project approved: 
Yes ✔ No  Date 1/5/2014 
Prof Sabah 
Mushatat
 
Conditions: 
Other  SEC Action: Refer to University Ethics Committee Date  
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Guidelines  
 
Section 1: Categorisation for ethical approval 
Category 0: There are no third parties directly involved in the project and any 
artefacts produced by the project will not be accessible to a general audience. 
Category A1 
Projects involving human volunteers are involved solely for the purposes of: 
- providing data to inform the specification of an artefact 
- testing the usability or fitness for purpose of an artefact 
where the nature of that artefact or its use will present no risk to the volunteers 
and, if any artefact is accessible to a general audience, access to that artefact will 
present no risk. 
Category A2 
Projects involving human volunteers other than those defined in category A1 but not 
in activities defined in other categories or if any artefact is accessible to a general 
audience, access to that artefact may present some risk. 
Category B 
Projects involving human volunteers including potential risk, for instance,  
studies using new research methodologies, studies involving certain vulnerable 
populations or therapeutic interventions or other significant risk to anyone involved 
in 
the research (but not including trials of artefacts intended for therapeutic purposes). 
Category C 
Research being conducted by staff or postgraduate research students involving 
Patients, clients staff, records etc. within the sphere of the NHS, Social Services, etc 
(but not including clinical trials of medicinal or related products). 
Category D 
Research being conducted by undergraduate or taught postgraduate students 
involving 
Patients, clients staff, records etc. within the sphere of the NHS, Social Services, etc 
(but not including clinical trials of medicinal or related products). 
Category E 
Clinical trials of medicinal or related products involving patients or healthy 
volunteers as direct users of the product. 
 
Question 2.2.1: You should answer yes if your artefact, product or information 
might be of direct risk or might lead or encourage people to alter their behaviour in a 
way which would be detrimental to them. Examples of direct potential risk might be 
a machine that could injure someone if it malfunctioned or a web resource which 
contained information which if it was misused would lead to risk (for instance, 
children‘s identities or addresses). Examples of artefacts which might encourage 
detrimental behaviour could be a web resource offering alternatives to expert (such 
as GP or lawyer) advice or products which purport to have a therapeutic effect. 
 
Question 3.7.:As a general principle, all participants should be informed of their role 
in the experiment and freely consent (in writing) to it, which implies competence to 
give consent. Very occasionally it may be necessary to undertake an experiment 
without consent, or with participants who are not competent but then any decision 
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about the acceptability of the proposal would be taken on the basis of the absolute 
benefit of the experiment in a wider context, and it would have to be established that 
there was no alternative. 
 
Question 3.8:With regard to freedom of consent, it likely that this principle would be 
breached of the participants were subject to some kind of inducement or coercion, 
however minor. For instance, it is likely that participants who were under the 
management of the person undertaking the experiment would be considered to be 
under a degree of coercion. 
 
Question 3.9:It may be considered that expecting a participant to spend undue time 
or effort participating in an experiment would be detrimental to the interests of that 
person, particularly where the results of the work offered no clear benefits. It may be 
appropriate to compensate participants for their time, but it is not acceptable to offer 
inducements to participate.  
 
Section 4 Anonymity: 
 
It is to be expected that due care and attention be paid to protecting information 
about individuals. Depending on the nature of the experiment, the following may be 
considered. 
 Type 1: Complete anonymity of participants (i.e., You will not meet, or know 
the identity of participants, as they are part of a random sample and are 
required to return responses with no form of personal identification)? 
 
 Type 2: Anonymised samples or data (i.e., an irreversible process whereby 
identifiers are removed from data and replaced by a code, with no record 
retained of how the code relates to the identifiers. It is then impossible to 
identify the individual to whom the sample of information relates)? 
 
 Type 3: De-identified samples or data (i.e., a reversible process whereby 
identifiers are replaced by a code, to which you retain the key, in a secure 
location)? 
 
 Type 4: Subjects being referred to by pseudonym in any publication arising 
from the project? 
 
 Type 5: Any other method of protecting the privacy of participants?  (eg. use 
of direct quotes with specific, written permission only;  use of real name with 
specific, written permission only)   
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Table H.1: The details of all highways in Abu Dhabi 
 
Highway From To 
Road 
No. 
Road 
length 
(Km) 
No. Of 
lane 
Abu Dhabi- Al Ain Al-Maqta bridge Al Maqam E-22 131.5 3 
Abu Dhabi- Al 
Ghuwaifat 
Al Mafraq Al Ghuwaifat E-11 344 2 
Abu Dhabi- Dubai 1 Al Mafraq SihShuaib E-11 76 4 
Abu Dhabi- Dubai 2 Am Anar Al Shahamh E-10 25 4 
Abu Dhabi- Dubai 3 Sheikh Khalifa Bin Zayed Road E-12 32 Vars. 
International Airport 
Road 
AD-AlAin Roads 
AD International 
Airport 
E-20 13 3 
Al Ain-Dubai 1 Al Twaiah Msakan E-66 18 3 
Al Ain-Dubai 2 Al Fwah Al Fiqa E-66 45 3 
Al Ain-Mzeed Hilton Roundabout Mzeed E-66 22 3 
Suwaihan Airport bridge Suwaihan E-20 62 
2 (14.6 km 
3 lanes) 
Suwaihan - Al Hyar Suwaihan Al Hyar E-20 58 2 
Rodatalerev palace- 
Suwaihan 
Rodatalerev palace Suwaihan E-16 38 
Single 
carriagew
ay 
Suwaihan - Al Saad Suwaihan Al Saad E-16 31 2 
Al Khadar-Al Shuaib Al Khadar Al Shuaib E-55 17 2 
MadinatZayed New 
Road 
Al Ghuwaifat road MadinatZayed E-45 52 2 
Ghayathi Road Al Ghuwaifat road Liwa E-15 142 2 
Tarif-MadinatZayed Tarif MadinatZayed E-45 54.4 2 
MadinatZayed-Liwa MadinatZayed Liwa E-45 47 2 
Humaim 
Abu Dhabi- Al 
Ghuwaifat Highway 
Humaim E65 140 
Single 
carriagew
ay (20 km 
2 lanes) 
Humaim-Mazirah Humaim Mazirah E-90 110 2 
Trucks Roads 
(AD-Al AIN) 
Abu Dhabi Al Ain E-30 124 
Single 
carriagew
ay (16 km 
2 lanes) 
Trucks Roads 
(AD-Al AIN) 
Alkhozna Fertilizer plant E-40 75.8 
Single 
carriagew
ay (14 km 
2 lanes) 
Trucks Roads 
(Alfauah-SihShuaib) 
Alfauah SihShuaib E-75 91 
Single 
carriagew
ay (12 km 
2 lanes) 
Al Ain-Al Quaa AanAlvaydh Al Quaa E-95 94 2 
Al Quaa-Amm 
AL Zmal 
Al Quaa Amm Al Zmal E-95 100 
Single 
carriagew
ay 
Razain Road 
AD-AlAin Trucks 
Roads 
Al Quaa 
 
150 
Single 
carriagew
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ay 
 
Table H.2: The details of all highways in Abu Dhabi 
Highway 
Road 
No. 
Traffic 
volume 
Access Classification 
Abu Dhabi- Al Ain E-22 48974 Fully controlled Freeway 
Abu Dhabi- Al 
Ghuwaifat 
E-11 34711 Partially 
Other Principal 
Arterial 
Abu Dhabi- Dubai 1 E-11 88000 Fully controlled Freeway 
Abu Dhabi- Dubai 2 E-10 42000 Fully controlled Freeway 
Abu Dhabi- Dubai 3 E-12 40567 Fully controlled Freeway 
International Airport 
Road 
E-20 80342 Fully controlled Freeway 
Al Ain-Dubai 1 E-66 18939 Fully controlled Freeway 
Al Ain-Dubai 2 E-66 27828 Fully controlled Freeway 
Al Ain-Mzeed E-66 30020 Partially 
Other Principal 
Arterial 
Suwaihan E-20 4489 Partially Minor Arterial 
Suwaihan - Al Hyar E-20 3414 Partially Minor Arterial 
Rodatalerev palace- 
Suwaihan 
E-16 2170 Partially Minor Arterial 
Suwaihan - Al Saad E-16 4655 Partially Minor Arterial 
Al Khadar-Al Shuaib E-55 8000 Partially Minor Arterial 
MadinatZayed New 
Road 
E-45 7468 Partially Minor Arterial 
Ghayathi Road E-15 7800 Partially Minor Arterial 
Tarif-MadinatZayed E-45 5500 Partially Minor Arterial 
MadinatZayed-Liwa E-45 7328 Partially Minor Arterial 
Humaim E65 2200 Uncontrolled Minor Arterial 
Humaim-Mazirah E-90 3986 Uncontrolled Minor Arterial 
Trucks Roads (AD-Al 
AIN) 
E-30 56129 Uncontrolled Minor Arterial 
Trucks Roads (AD-Al 
AIN) 
E-40 22160 Uncontrolled Minor Arterial 
Trucks Roads 
(Alfauah-SihShuaib) 
E-75 10000 Uncontrolled Minor Arterial 
Al Ain-Al Quaa E-95 6756 Partially Minor Arterial 
Al Quaa-Amm AL Zmal E-95 - Uncontrolled Minor Arterial 
Razain Road - - Uncontrolled Minor Arterial 
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Table H.3: The total fatalities and Injuries in Abu Dhabi Highways 
 
Abu Dhabi highways Total fatalities and Injuries 
Name Road No. 2009 2010 2011 2012 2013 Total 
Abu Dhabi- Al Ain E-22 446 272 284 348 432 1782 
Abu Dhabi- Al Ghuwaifat E-11 580 584 450 310 296 2220 
Abu Dhabi- Dubai 1 E-11 547 456 484 293 390 2170 
Abu Dhabi- Dubai 2 E-10 118 125 77 77 93 490 
Abu Dhabi- Dubai 3 E-12 20 14 29 9 20 92 
International Airport Road E-20 257 150 111 82 92 692 
Al Ain-Dubai 1 E-66 13 6 41 24 41 125 
Al Ain-Dubai 2 E-66 67 43 64 48 38 260 
Al Ain-Mzeed E-66 5 5 2 2 7 21 
Suwaihan E-20 121 90 107 91 76 485 
Suwaihan - Al Hyar E-20 8 15 3 10 5 41 
Rodatalerev palace- Suwaihan E-16 28 19 6 9 10 72 
Suwaihan - Al Saad E-16 14 22 10 18 23 87 
Al Khadar-Al Shuaib E-55 19 8 4 3 4 38 
MadinatZayed New Road E-45 41 10 42 31 13 137 
Ghayathi Road E-15 75 78 70 50 37 310 
Tarif-MadinatZayed E-45 18 7 9 28 16 78 
MadinatZayed-Liwa E-45 26 80 45 22 12 185 
Humaim E65 25 57 29 47 18 176 
Humaim-Mazirah E-90 43 35 64 23 9 174 
Trucks Roads (AD-Al AIN) E-30 312 249 235 192 77 1065 
Trucks Roads (AD-Al AIN) E-40 38 41 32 50 75 236 
Trucks Roads (Alfauah-SihShuaib) E-75 76 65 59 52 75 327 
Al Ain-Al Quaa E-95 52 22 51 25 39 189 
Al Quaa-Amm AL Zmal E-95 1 17 4 19 13 54 
Razain Road - 2 3 4 10 2 21 
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FOCUS GROUP QUESTIONS: 
Validate the Design Framework Through Abu Dhabi Highways 
Instructions 
 Please review the attached Improved framework and answer all questions. 
 Please answer all the questions and tick (  ) to indicate your view. 
 Note: - Your responses will be used for scientific research purposes only. 
Your answers will not be shown to anyone else, and you will not be 
identified. No action will be taken against you in respect of anything you say 
in the questionnaire. 
 If you have any questions please do not hesitate to contact me via email: 
m80000435@zu.ae 
1. The framework is easy to understand. 
Disagree    Somewhat Disagree  
Neither agree nor disagree  Somewhat Agree    Agree 
2. The framework has the potential to improve traffic safety in Abu Dhabi 
Highways 
Disagree    Somewhat Disagree  
Neither agree nor disagree  Somewhat Agree   Agree 
3. The traffic safety technologies proposed by the framework are suitable for 
improving drivers' behavior to be better in Abu Dhabi Highways 
Disagree    Somewhat Disagree  
Neither agree nor disagree  Somewhat Agree   Agree 
4. The traffic safety technologies proposed by the framework are suitable for 
reduceing accidents frequency, and severity in Abu Dhabi Highways 
Disagree    Somewhat Disagree  
Neither agree nor disagree  Somewhat Agree    Agree 
5. The traffic safety technologies proposed by the framework are suitable for 
increasing the drivers' compliance to speed limit in Abu Dhabi highways 
Disagree    Somewhat Disagree  
Neither agree nor disagree  Somewhat Agree   Agree 
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6. The traffic safety technologies proposed by the framework are suitable for 
mitigating the impact of  adverse weather conditions on the safety of Abu 
Dhabi Highways 
Disagree    Somewhat Disagree  
Neither agree nor disagree  Somewhat Agree   Agree 
7. The traffic safety technologies proposed by the framework are suitable for 
deterringdrivers' from traffic offenses in Abu Dhabi highways 
Disagree    Somewhat Disagree  
Neither agree nor disagree  Somewhat Agree   Agree 
8. The traffic safety technologies proposed by the framework are suitable for 
reducing the dangers posed from engineering, design shortfalls  and 
temporary work zones (detours) on Abu Dhabi highways 
Disagree    Somewhat Disagree  
Neither agree nor disagree  Somewhat Agree   Agree 
9. The traffic safety technologies proposed by the framework are suitable for 
increasing the drivers' awareness about road hazards in Abu Dhabi 
highways 
Disagree    Somewhat Disagree  
Neither agree nor disagree  Somewhat Agree   Agree 
10. The traffic safety technologies proposed by the framework are suitable for 
dispensing traditional notifications about accidents in Abu Dhabi highways 
Disagree    Somewhat Disagree  
Neither agree nor disagree  Somewhat Agree   Agree 
11. The proposed framework can be used to support decision making within our 
organisation 
Disagree    Somewhat Disagree  
Neither agree nor disagree  Somewhat Agree   Agree 
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12. Your overall opinion of the framework:- 
- Recommend the attached framework because, 
……………………………………………………………………………
……………………………………………………………………………
…………………………………………………………………………… 
- Not Recommend the attached framework because, 
……………………………………………………………………………
……………………………………………………………………………
……........................................................................................................... 
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The traffic safety technologies model 
is located in Microsoft Excel file in the attached CD 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
